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Preface 


For a number of years, the Ballistic Research Laboratories 
of Aberdeen Proving Ground have been making measurements of the 
characteristics of projectiles, propelling charges, etc. While 
these cata are available iu various Ballistic Research Labora- 
tories reports, there is no single document which contains a con- 
cise tabulation of all the evailable information concerning the 
respective articles which have been subject to moasuremont. It 
was pointed out by Colonel H. H. Zornig that the utility of the 
information would be considerably enhanced if all acquired data 
vero collected in a single document, Following Colonel Zornig’ з 
suggestion, the preparation of a handbook of such engineering 
date as are available at the Ballistio Research Laboratories has 
been initiated. 


The first numbers written by Mr. Н. P. Hitchoocik deal with 
projectiles. Later additional series pertaining to propelling 
charges, guns, etc., will be prepared. 


The number of an item in the handbook consists of three 
parts. The first part indicates the caliber, e.g., 6 in. or 
156mm; the skcond indicates whether the item is а projectile, 

а propelling charge, or a gun; 1 denoting a projectile, 2, a 
propelling charge, and 3, a gun. Tho third part indicates the 
model (Arabic) ог merk: number (Roman numerals). Thus 155-1-ТІІ 
refers to the 155 projectile ME III while 3-1-42 refers to the 
98 shell M42. 
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Ballistic Research Lab. 
Aberdeen Provins Ground, 
Maryland. 

15 February 1849 


for 
Sh, AP, 20-mm, M95 
with 
Tracer 
Section Paragraphs 
I General -----------------4-- - 1 
II Description -------- ------... 2-4 
III inter lor ballistic data --------- $ 
IV Exterior ballistic data--------- 6-7 
ү Effect data ------------------- 8 
SECTION I 
GENERAL 
Paragra 
Purpose - -----------------.-..-....-.-- — 1 


1, Purpose, The purpose of this number of the handocok is to furnish a concise collectio: of infor- 
maticn regarding the shape, dynamics, ballistics and effects of the 20-00 rror есета Shot *f95, which 
* auer-plercieg Sha T9EÁ 
Tracer, which 13 slightly different from the M95 (T9E5). This information is couacted from the drar- 


ings, reports, and technical manuals pertaining to this ammunition. 


contains a tracer composition. Some data are also given for Ше expe . ats? 
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2407, АР, 20-MM, Т9Е4 


FOR SHOT, AP, ?6-MM, M95 ВРІН 20.1.95 


2.4 
SECTION R 
DESCRIPTION 
Paragraph 
Drawings - - - --------.-.........-.......... 2 
Dimension „„ „„ „„ 3 
Physical characteristics ~ - - --------.............. 4 
2. Drawings. 
Shet, AP, M95: Мел] parts assembly 75-2-333 
Meta! parts details 75-2-341 
Sha, AP, Т964: Assembly and details Там 130 
3. Dimersions. All dimensions beiow are in calibers. 
АР Shot M95 T9E4 
Band: Distance from base 9.50 0.53 
Width 9,26 9.25 
Body: Length of cytindrical part 1.75 1.93 
Lengin of ogival' art 1.06 1,08 
Си side length of ogival part 0.55 0.24 
Radius of ogival arc 1.43 1.48 
Total length 3.06 3.01 
Vindshleld assembly: Length of windshield 2.39 1.78 
Outside length of edapter 9.25 
Length of assembly 1.99 
LengU: of ogival part 1.27 1.85 
Radius с) arc 2.29 2,29 
Shot: Total length 4.14 4.18 
Rearing length 2.78 1.93 
Effective ogival height 2.05 2.23 
4. Physical characteristics. The staniard weight of tre AP Sna M95 with tracer із 2900 grains 


as follows: 


AP Shet м95 TEES 
w/o tr with tr 
Wetgut ib 1960 2900 
Base to center of gravity cel 1,488 1.474 
Axial mement oi inertia gr.in? 148.8 154.5 
Transverse moment of inertía gr. in⸗ 258 957 


с 


| 


BRLH 20.1.95 BALLISTIC AND ENGINEERING DATA 


+ 


SECTION Ш 
INTERIOR BALLISTIC DATA 


Paragraph 
Theoretical yaw in боге = - - - - - - -- - „ = - => 5 
5, Theoretical yaw in bore. For the AP Shot M95: 
Minimum 18 min 
Maximum 22 min 
SECTION IV 
EXTERIOR BALLISTIC DATA 
Paragraph 
Aerodynamic data - - - +--+ - - - - - - - - - - - -- + - --- - - — 8 
Firing table data- - - - -2--------------------.,--- 7 


5. Aerodynamic data. 

а. Drag. Te drag coeificient plotted o» page 5 was determined from resistance firings of the AP 
Shot ТЗЕЗ with Tracer at Mach numbers from 0.76 to 2.75. The data listed below were determined from 
time-of-flight firings of the AP Shot M95 with апо without Tracer. 


AP Shot M95 With tr w/o tr 
Velocity (fps) 3000 3000 
Form factor (Projectile Type 5) 15 1.12 1.15 
Ballistic coefficient (Projectile Туре 5) Cs .413 4901 
Drag coefficient K, 149 153 


b. Stability. a letter from the director of the Ballistic Research Laboratories to the Chief o7 
Огапепсе (АРС 472.5/317 -1821) gives data on the stability of the АР Shot MUS without Tracer, ERL Re- 
a 


Есті Mo, „15, "Aerodynamics of 20-n.m Projectiles", gives data on the stability of the AP Shot T 
g y 


Tracer 
AP Shot M35 w/o tr T9E4 with tr 
Veioctty (fps) 2700 2190 
Moment coefficient K,, 1,88 1.47 
nis 
Twist of rifling 1/а 1/25.588 1/25.586 
Stability factor s 2.28 2.78 
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FOR SHOT, AP, 20-MM, M95 
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7. Firing table data. No firing tables have been prepared for the AP Shot M95, ЕТ 204C-J-i, 
DT QAC-K-1, ЕТ 20АС-1.-1 and FT 20AC-M-1 for 20-mm Automatic Guns МР and МЗ fring HE Shell 
T33 and HEI Shell МОТ give data that are approximately correct for the AP Shot M95 (See L.. 77-1-97). 
ОСМ items 28550 and 28808 recommended and approved standardization of the AP Shot M35, Rs standard 
instrumental velocity ís 2780 fos at 90 feet from the M2 Gun. 


SECTION V 
EFFECT DATA 


Penetration - - - +e ee es te tee ------------ 8 


8. Penetration. The folicwing graphs, showing the penetration of armor piate by the 20-mm AP Shot 
M95, were taken from Volume III of "Terminal Ballistic Data". 
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FOR SHELL, INCENDIARY, 20-MM, M96 


3. Dimensions. 


Band: Distance from base 0.50 са! 
Width 0.25 са! 

Body: Length 2.91 cal 
Length of cylindrical part 2.39 cal 
Length of ogival part 0.52 cal 
Radius of rival arc 2.54 cal 

Nose: Length 1.17 cal 
Conical ang:2 31°12" 

Shell: Total length 4.08 cal 
Head length 1.69 cal 

4, Physical characteristics. 

Weight; Standard 1920 grains 

Measured 1993 grains 

Base to center of gravity 1.593 cal 

Axial moment of inertia 155.5 gr.in® 

Transverse moment of inertia 1305 gr.in4 

SECTION Ш 
INTERIOR BALLISTIC DATA 


Theoretical yaw in bore = - - - - + < 


5. Theoretical yaw in bore. 


Minimum 
Maximum 


SECTION IV 
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EXTERIOR BALLISTIC DATA 


Aerodynamic data = e = ~ - - - - - - 
Firing table data 
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6. Aerodynamic data. 
а. Drag. The following values were determined from time-of-flight firings. 


Velocity 2800 fps 
Projectile weight 1920 gr 
Form factor (Projectile Type 5) is 1.16 
Ballistic coetficient (Projectite Type 5) Cs 383 
Drag coefficient Ky ‚156 


b. Stability. BRL Report No. 515, "Aerodynamics of Z0-mm Projectiles”, gives data on the stability 


of Incendiary Shell M96. 
Velocity 2750 fps 
Moment coefficient KM 1.09 
Twist of rifling i/n 1/25.586 
Stability factor 5 2.80 


7. Firing table data. No firing tables have been prepared for the Incendiary Shell M96. FT 20AC-J-1, 
ЕТ 20AC-X-1, FT 20AC-L-1 and FT 20AC-M-1 fcr 20-mm Automatic Guas М2 and МЗ firing HE Shell T23 


and HEI Shell M97 give data that are approximately correct for the Incendiary Shell M96 (see OH 20-1-87). 
OCM items 26550 and 26906 recommended and approved standardization of the Incendiary Shell M96. Its 
standard Instrumental velocity 13 2810 fps at 90 feet from the M2 Gun. 
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BALLISTIC AND ENGINEERING DATA 
for 
Shell, HEI, 20-mm, M97 
with 
Fuze, PD, M75 
Section Paragraphs 
T General ---------------4---- 1 

ri Description ----------------- 2-4 

Ш Interior ballistic data ------- - 5-8 

IV Exterior ballistic data-------- 7-9 

у Effect data ----------- ------- 10 

SECTION I 
GENERAL 
Paragraph 

1 - - م د .......-.-..--------- = « Purpose‏ 


1. Purpose. The purpose of this number of the handbock is to furnish a concise collection of infor- 
mation regarding the shape, dynamics, ballistics and effects of the Z0-mm High Explosive Incendiary Shell 
M97 with the Point Detonating Fuze M75, This information is collected from the drawings, reports, firing 
tables, and technical manuals pertaining to this ammunition. 
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FOR SHELL, НЕ, 20.MM, M97 


SECTION H 
DESCRIPTION 


г, Drawings. 


Shell: Metal parts assembly and details 
Fuze: Assembly 
Details 


5, Dimensions. 


Band: Distance from base 
Width 


Body: Length of cylindrical part 
Length of ogival part 
Radius of ogival arc 


Fuze: Outside length 
Conical angle 


Length: Shell 
Shell and fuze 
Ogive and fuze 


4, Physical characteristics. 


75-2-335 
73-1 -193 
73-1-194 


0.48 cal 
0.25 cal 


2.41 cal 
0,65 cal 
2.54 cal 


1.05 cai 
20°24 


3.06 cal 
4.11 cal 
1.70 са! 
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а. The physical characteristics of the HE Shell T23 with the PD Fuze T71E4, of which the present 


projectile is a slight modification, are as follows: 


Weight 

Base to center of gravity 
Axial moment ог inertia 
Transverse moment of inertia 


b, The standard weight of the HEI Shell M97 with the PD Fuze M75 was changed by ОСМ item 26559 
to 2039 grains. 


2000 grains 
1.643 cal 

165.6 gr. inꝰ 
1442 gr. inꝰ 
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а. 
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SECTIONS 
A C 
-в22 
+474 
um +65 
-тго 57 
+234 
+416 


DIAGRAM OF RESULTANT STRESSES 
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SECTION Е: 
INTERIOR BALLISTIC Г ХА 
Paragraph 
| Stress-) ð 5 и 
Theoretical yaw in Боге = = - --------------.--..---. 6 


5. Stresses. The following table and the graphical representation оп page 4 show the longitudinal, 
radial ang tangential stress at each of three sections: ( the rear corner of the band seat, (B) the front 
of the b»nd seat, and (C) immediately behind the bourrelet. - 


Gun, Automatic, 20-mm M2 
Twist of rifling 1/25.586 
Cross-sectional area of bore 0.5148 sq in. 
Rated maximum pressure 48,000 981 
Total weight of projectile 0.2913 ib (2039 gr) 
Muzzle velocity 2800 fps 
Density of filler (incend tetr71) 0.0505 lb per cu in. 
Resultant Stresg* Section 
100 pst £ B € 
Longii- ina! -222 -720 278 
( Radial +474 7108 +65 
Tangential -822 +4418 +234 


* + denotes tension,  - denotes compression. 


6. Theoretical там in bore. 


Minimum 8 min 

^ Maximum 13 min 

SECTION ТҮ 

EXTERIOR BALLISTIC DATA 
Paragraph ; 

Aerodynamic data = ---------------.-..-....-..-.-.-- 7 
Firing table data: Automatic Gun M2 - - - - - - - = - - 4----...-- 8 
Firing table data: Automatic Guns МЗ, M23 and M24 = - ------.--- 9 


7T. Aerodynamic data. The following data, taken from Ballistic Research Laboratory Report No. 515, 
"Aerodynamics of 20-mm Projectiles", pertain to the HE Shel! T23 (Dwg ТАМ 371) with the PD Fuze T71E4 
(че TAM 6011: 


292. 
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BALLISTIC AND ENGINEERING БАТА 


Velocity u 2800 ips 
Weight m 2000 gr 
Form factor {Projectile Type 5) i5 1.14 
Ballistic coefficient (Projectile Type 5) Cs 0.404 
Drag coefficient Kj 0.155 
Cross Wind Force coefficient K, 1.27 
Normal Force coefficient кы 1.43 
Base to Center of Pressure h 2,40 cal 
Overturning Moment coefficient K, 1.99 
Ratio of cceffictents к/к, 147 
Drift function -K 149x157 
Yawing Moment coefficient Ka 1.56 
Magnus Moment coefficient к, -0.005 
Twist of rifling (7° angle) Мп 1/25,588 
Stability factor s 2.85 


8. Firing table data. Automatic Gun М2 (67.52-inch Tube). FT 20AC-]-1, FT 20AC-K-1 with 
supplement and FT 20AC-L-1. Twist of rifling: 1/25.586 (7° angle). OCM items 26556 and 26906 recom- 
mended and approved standardization of the HEI Sheii M97 wit» the PD Fuze Mis. Its standar. .nstrumental 
velocity is 2780 fps at 90 fect from the М2 Gun. The firing tables were computed for a proje-tlie weight of 
2000 grains, which is that of e HE Shell T23 with ше PD Fuze T7154, and а muzzle vel ity of 2750 fps. M 
а. Form factor, The form factor of the 2000-grain HE Shell relative to the 20-mm АР Shet T9EA, 
whose dvag coefficiem is given in BRLH 20- 1-95, is і = 0.905. 
b. Ballistic coefficient, The ballistic coefficient with respect to the drag function of the 20-mm 
AP Shot T9E4 is С = 0.519, 


FOR SHELL НЕ, NM, МО? геи 5 
-9 
€, Stability factor (normal) 8. "2.85 
d. Damping coefficients. с" = 0,001,548,8 17° 
e" = 0.000,007,8 t” 

. в. Windage jump coefficient. Бе 86,600 mil. fps 

1. Yaw-drag coefficient. K. * 164 rad? 
P г. Trajectory data. 


9. 


2880 fos. 
a. 
b. 
c. 


d. 


e. 


f. 


g. 
all-around fire. 


(1) FT 20AC-]-1 gives trajectory data for: 
(a) Present range, nearly horizontal flight, and gun flexible in elevation. 
(b) Present range, inclined fiight, and gun fixed at low elevation, 


(2) ЕТ 20AC-K-1 and its supplement give trajectory data for future range, horizontal flight, and 
alkaround fire. 


(3) FT 20AC-L-1 gives trajectory data for future range, horizontal and diving flight, and forward 
fire. 


Firing table data. Automatic Guns М3, M23 and M24 (52.50-inch Tube T31). 


FT 20AC-K-2. Twist of rifling: 1/25.588 (7° angle). The firing table was computed for a projectile 
weight of 2000 grains, which is that of the HE Shell T23 with the PD Fuze T71E4, and a muzzle velocity of 


Form factor (relative to AP Shot 7964) { = 0.905 

Ballistic coefficient (drag function of AP Shet Т9Е4) C = 0,510 

Stability factor (norrnal) 5." 2.85 

Damping coefficieats. с! = 0,001,548,8 а” 
с" = 2.000,089,2 fl. 

Windage jump coefficient. b = 104,311 mii. fps 

Yaw-drag coefficient. Ку“ 164 rad"? 


Trajectory data. FT 20AC-K-2 gives trajectory data for future range, horizontal flight and 
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SECTION V 
EFFECT DATA 


Paragraph 
Fragmentation < = ---"-------- z< =< = = = = =< = = = <= = = < = = - 10 


10. Fragmentation. The following table, taken from Volume III of “Terminal Ballistic Data", gives 
the casualties due to fragmentation of the HEI Sheil M97. The initial fragment velocity is 1960 fps. 


TABLE 37 
CASUALTIES 


Average For the lightest 
Distance Total number number of effective fragment 
from burst of effective effective frag- Weight Velocity 
(ft fragments ments per sq ft (oz) (fps) 


г N B m у 
10 30 9,0239 0,024 1579 
20 21 0.0042 0,033 1340 
30 15 0.0013 0.042 . 1190 


40 11 0.0005 0.050 1030 
50 10 0.0003 0.087 1020 
80 8 0.0002 0.063 S72 
70 8 0.0001 0.088 929 
80 7 9.0001 9.075 891 
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і. Purpose, The purpose of this number of the Па.Дооок #5 tc furnish a concise czllectíon of infor- 
zing Capped Shot M51, 
which сала а self-destroying tracer composition. This information 15 collected from the drawings, re- 


mation regasaing the shape, dynamics, ballistics and effects of the 37-mm Arn. or - pie 


ports, firing tables, and technical manuals pertaining to this ammunition. 
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BALLDTIC AND ENGINEERING DATA 


for 
Shot, АРС, 37-mm, M51 
with 
Self-destroying Tracer 
General -------------------- 
Description ----------------- 
Interior ballistic data -------- 
Exterior ballistic data-o------ 
Effect. data ------------ — 
SECTION 1 
GENERAL 
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5.6 
Е SECTION Ш 
š INTERIOR BALLISTIC DATA 
Paragraph 
Theoretical yaw іп Боге - - -- „„ 5 
1 5. Theoretical yaw in bore. 
1 Minimum 13 min 
Maximum 22 min А 
SECTION IV 
^ EXTERIOR BALLISTIC DATA 
Paragraph 
Aerodynamic datt „„„ͤ„ö“7c 6 
Қа Firing table data ~ ------------------.-.-.-...-.-- 7 


6. Aerodynamic data. 
а. Drag. These data were obtained irom time-of-flight firings. 


Muzzle velocity 2909 fps 
Drag function Ga 
Ballistic coefficient 0.984 
Form factor 0.92 
Drag coefficient, Kp 0.101 


; ti, Stability. Ballistic Research Laboratory Report No. 225, "Stability of 37-mm HE Shell M63, АР 

B E Shot M51, and Proof Projectile M52", gives the stability factors which were determined for this projectile 

4 at muzzle velocities of 2740 fps апа 1350 fps. It was fired from the Sub-caliber Tube M1925 whose twist 
of rifling is 1/49, The Tank Gun МЕ 15 rifled with a twist of 1/25. 


МУ Twist of Stability Moment Coef. Е 
ие tps Rifling Factor Ки 8 
3 1359 1/49 1.23 
13 2740 1/49 1.18 
Avg 1/49 1.205 1.35 (computed from the moments 
1/35 3.1 of inertía of shot with unburnt 


tracer composition and the observed 
stability factor) 
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7. Firing table data. ЕТ 37-8-3. 

Gun, 37-mm, M6 (mounted in Light Tanks M3A3 and M5A1, by applying suitable corrections to the 
elevation, the firing table may be used for Light Tanks МЗА1 and М5 and the Light Armored Car М8). 
Twist of Rifling: 1/25. Muzzle Velocity: 2900 fps. Projectile weight: 1.92 lb. OCM items 14801 and 
14859 recommended and approved standardizat.on of the AP Shot M51. Item 17699 changed its designation 
to APC Shot М51. * 
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Paragraph 
Penetration = = - -----------------..--.-.-.---.-.-- 8 
5, Penetration. 
a. Ballistic Limits. Homogeneous armor plate. 
Plate Ballistic Number 
Thickness | Brinneil | Obliquity Limit in 
inches | Herness | Туре | fps | Average 
1.00 281 0 Army| 1297 3 
I 286 20 1345 1 
| 269 30 1396 2 
371 0 1034 4 
374 20 1160 5 
364 30 1518 2 
402 0 986 2 
402 29 1141 3 
402 30 1463 2 
1.125 306 0 1410 2 
1.18 277 0 1383 п 
1,25 248 9 1453 1 
273 0 1388 9" 
307 0 1333 4 
1,50 233 0 1580 13 
289 0 1614 53 
320 9 1639 8 
362 0 1572 2 
360 20 1724 2 
1.75 273 9 1775 i 
| 274 20 1744 5 
2,90 242 9 1860 2 
1 242 25 | 2036 2 
| 274 90 | 2006 14 
| 269 ° | 2082 1 
317 0 | 1990 8 
328 Qo j 2182 4 4 
2.52 324 0 | 2308 2 
2.825 363 9 Navy 1231 1 
9.875 | 392 Š | 194 2 
I 417 0 | 1921 2 я 
93 “en 29 1544 1 
--- 48.33 1986 1 
2 | 1563 29 E 
2 | | ies] 7 
° | | 1882 1 | 
NS E i 1748 7 a қ 
| 
Е 
9 i 
е 
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Plate Ballistic | Number | 
Obliquity Limit in | 
E ims ж з 
0.75 0 1 
25 
1.00 0 1 


CO чь» кә кә ©з СА E сл CO e СУ [iN OD CO Ja bm oam aee 


с. Vulnerability of German tanks. The following data on vulnerability of German tanks 
(Panzerkampfwagen) to APC Shot M51, fired from the 37-mm Tank Gun MÓ at a muzzle velocity of 
2900 fps, were taken from TM 9-1907, "Ballistic Data, Performance of Ammunition. 


Maximum Vulnerable Renge - Yards 
Tank Mode — Sa 


Attack | Angle - deg 


Frontal Turret Sides 


| Turret Front 
| Fiank Turret Rear 
Turret Sides 


2970 

2590 
| Turret Front 1200 
| Upper Huil Sides 3200 
| Lower Hull Sides | 3200 
| Rear Turret Rear 2970 1500 343 | € 
| Turret Sides 2590 950 1170 950 | EG 
| Turret Front 1200 --- 1179 wee | 
| Upper Hull Rear 1460 --- | ) 
i Lower Hull Rear | 1980 --- | 

2 


— — — —— cere ie ee ее erc ier: 


FOR SHOT, АРС, 37-MM, Ми BRLH 37.1.51 


RATON- VELON Y СОРАТЕ 
HOMOGENEOUS ARMOR PLATE 
МАМУ CRITERION 


Е NUI j + FROM VOL. TIT OF "TERMINAL BALLISTIC DATA" 
я TT el =! BE За eh дыда ЕТІ: 
ANGLE основе eon] 180 мд iet diae 


НЕЕ | 
110 : 
ЕН E E НЕЕ НЕН НЕЕ 
А Hu НЕЩА ЕНЕН ARBRES. 1227225 04-14-77 E iun 


FRA eT шли нашия 
пиши гине 228227222 
H [on ES Eurum 


p я 


1 


pe 


T! 
‚ WELOGITV—F 


a 


n a * j 
bui PENETRATION-IN. | 


miam. тт v . mm ° e rent" 
1 
t 


Ка 


1 
T 
H 
H 
И 
1 
ы! 
өз 
— 1 
Н 
+ 
* 


-+ 


ви а 
H 
— 
+ 
ТҮ 
єс 
+ 
— 
— 
7 ? 
к 
—7 
+ 
— 


me 


re 
= p tepore sare 
ч фет 
T 


— e 
ЖА 


....... 


rese 


% 
12 fepe e 


+-*-+- 


ч 
uS 
H 
1 
i u m 
а-- -.4 P yp 


та fee- terete Leve 
£ 


Е 
Pt 
222255 
т 


} 
+ 
0” 

аве ра 

гъз 


T 


xaxd eR асай фара 


BALLISTIC AND ENGINEERING DATA 


КЕКЕ ОАО 
＋ : s E ive dou sq tus m 


—— à 


EM ы 
RE 4 — 


— 
..%.. 
.. 


I OF "TERMINAL BALLISTIC DATA! ~~ 


ЕГЕТ рани 


HIM rcu 
———Á— ——— . оа 
pin ~ ا‎ wd on ＋ ае 


NAVY CRITERION 
TUER 


Er 


EGER ERR 
теі E та па 


1 . L.. 
Se |. гр 


k t 


+i += .d6 
Eja ANGLE 


FACE HARDENED PLATE 


ни: 4222 
HH 


sss 
SERES 


1 


FROM VOL 
— 


*—- — 
зла 
+ 


s.s. 
ПЕГЕН 
NENEN 


ЕЕ 
EREE НА 
H 


— Ç 


па 
m 


ЧАП 
ГІ 
ti 
LI 
Н Н ки ТҮН š 
| | | EE 
——— —f——⅞ 


RENEE 
LLLL| 
EER! 
ігі 
id 
chet 
иди! 
i 


E [| а H3 n a 
š | аса. 
= + SERERE НІНЕН $43 — A lico 134 | 
< 2 8828285 LLLLLLLILI р 1 
Е 8 а 8 EA © : 


BRLH 37.1.54 
t 


Bailistic Research Laboratories Ballistic Research Lab, 
Handbook of Ballistic and Aberdeen Proving Ground, 


Engineering Data for Ammunition, Maryland, 
No, 37-1-54 18 February 1949 


Shell, HE, 37-mm, №54 
with 
Shell-destroying Tracer 
and 
Fuze, PD, М58 


Section Paragraphs 


I General 1 
II Ревсгірісп ----------------- г - 
ш Interior ballistic data--------- 5 
IV Exterior ballistic data-------- 7 
* Effect data ------------------ 


SECTION I . 
GENERAL 


1. Purpose. The purpose of this number of the handbock is to furnish a concise collection of infor- 


matiza regarding the shape, dynamics, ballistics and effects of the 37-mm High Explosive Shell M54 with 


Sheii-dei.trzoying Tracer and the Point Detonating Fuze M56. This information is collected from the draw- 


ings, reports and firing tables pertaining to this ammuniticn. 
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FOR SHELL. НЕ 37-ММ. M54 BRLH 37.1.54 
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SECTION П 
DESCRIPTION 


Paragraph 


Drawings = - --------------..-.......-....... 2 
Dimensions = P PPP ---- 3 
Physical characteristics - - - ------.--...-.... ------ 4 
2. Drawings. 
Shell: Metal parts assembly and details 75-2-279 
Leading assembly and details 75-14-225 Е 
Fuze: Assembly 3-2-158 
Details 73-2-158, 


3. Dimensions. 


Boattall: Angle 3°00! 
Length 0.94 cal 1 
Band: Distance from boattail 0,34 cal 


Distance from base 1.25 eal š 
Width 0.59 cal 


Cylinirieal body: Length 1.21 eal 
Ogive: Length 0.67 са! 


Radius of arc 4.32 cal 

Fuze: Outside length 1.29 са! 
Length: Shell 2.82 cal 3 

Shell and fuze 4,02 cal 

Ссіуг and fuze 1.87 cai 


4. Physical characteristics. 


Mean weight 5 лай ard) 1.34 
Base to center of gravity 1.53 
Axial 1 с? inertia* 3.37 
Transverse moment cf inertja* 2.47: 


* ad 1771 тт: 1 Turm) = "а. 
"iAeasured with the HE Shell T12 and aluminum Dummy Fuze 737 


3 
8. 
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hell 712. The PD Fuze M58 has the s 


а screw with a flat head about 2.6 inch In diameter 
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FOR SHELL. HE. 37.MM. M54 BRLH 37.1.54 
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7. Aerodynamic data. The drag coefficient plotted on page 6 and the aerodynamic data tabulated 


below were taken from Ballistic Research Laboratory Reports No. 354 and 257, "Aercdynamics of 37-mm 


НЕ Shell M54" and "Damping of Calibers 2.30 and 2.52 Bullets and 37-mm НЕ Shell". The time of flight, 
drift, and yaw ficings were conducted with ..¢ HE Shell M54 and the >D Fuze M56 without the detonator. 


Veiccity ч 2999 fps 
Drag coefficient Ko 0.161 
Cross Wind Force coefficient Ky 0.98 
Normal Force coefficient Ky 1.14 

Base to Center of Pressure h 3.20 cal 
Cverturning Moment coefficient Ку 1.89 

Ratio of coefficients K / K 0.518 

Drift function Q=K /K 1.0 x 108 
Yawing Moment coefficient Кн 3.18 
Magnus Moment coeificient Ky -0.19 
Twist of Rifling 1/п 1/30 1/25 
Stability factor 5 1.86 2.39 


8. Firing table data. Automatic Gun М1А2. (Antiaircraft) 
Дон ee ce nee Y e rci al 
FT 37AA-N-2. Twist of rifling: 1/30. Muzzle veloci.y; 2500 fps {the standard muzzle velocity 
for a new gun is 2600 fps). ОСМ items 15811 and 15888 recommended ana approved standardization of 


the HE Shell M54 and PD Fuze M56 in the Automatic Gun МАЗ. 


a. Form factor (Proj Type 5). 
b. Ballistic coefficient (Proj Type 5). 


c. Trajectory data. Trajectory and time curves far 


i&- ғ? کب‎ зая - 
chy of 2590 fps are given on 


the trajectory chart, which is appended ° ^ the firing tables. 


Maximu. norizontal range 8875 yd 
Maximum ordinate 6200 yd 
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9. Firing table data. Automatic Guns M4 and M10 (Aircraft). 
FT 37AC-AO-1 and FT 27АС-АХ-і. Twist of rifling: 1/25. Muzzle velocity: 2222 fps. The M19 
Gun is a modification of the M4 Jun, with a disintegrating belt feed. ОСМ items 15811 and 15866 reso 


апі approved standaridzation of the HE Shell M54 and PD Fuze M55 in the Automatic Gun M4. 


mmended 


а. Form factor. The form factor of the HE Shell M54 with PD Fuze M$6 relative to its own drag 
function is i = 1.09. 

b. Ballistic coefficient. The ballistic coefficient of this 1.34-№ projectile relative to its суп drag 
functicn is C = 2.831. The drag coefficient curve is shown on page 6. The ‘drag function’ tc which 


ЕТ 37AC-AO-1 refers is G/2.831: the ballistic coefficient relative to this function is 1,20 


А.л, 


с. Stability factor (normal). 5. = 2.39 

d. Damping coefficients. с! = 0,201,72 ft ` 
"+ 9,900,086 87 

e. Windage jump coefficient. b = 38,000 mil. fps 

t. Yaw-drag coefficient. Ко 16.4 гад-2 


g. Trajectory data. ЕТ 37АС-А0-1 gives time of flight and vertical and lateral defiections for 
all-around fire from a gun mounted in aircraft in horizontal flight. FT 37AC-AX-1 gives similor data 


for limited "те from a gun mumed in aircraft in horizontal flight, with corrections for a dive angle of 
800 mile, 


Firing table data. Automatic Gur, M9 (Aircraft). 


237АС-ВҒ-і and FT З?АС-ВІ,-1. Twist of rifling: 1/30. Muzzle velocity: 2550 fps (the stan- 


. j muzzi? velocity for a new gun 


ou 


is 2500 fps). OCM items 15811 and 15866 recommended and approve 
standardization of the HE Sheli M54 ла PD Fuze M56 in aircraft guns. 


a. Form factor. The 


“. 


orm factor of the HE Shell M54 with PC Fuze М56 relative to its own drag 
function is i = 1,90, 


b 
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5 С = 2,831. The drag coefficient сагус is shown on page 8. The ‘drag function' 


tə which 
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nis function is 1.22. 
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с. Stabitity factor (normal). 8:7 1,86 
d. Damping coefficients. с! = 0.001,72 f, 
c' = 0,000,086 ft! 
e. Windage jump coefficient. b = 40,375 mil. ips 
. f. Yaw-drag coefficient. Кор“ 16.4 rad"? 1 


g. Trajectory data, FT 37AC-BF-1 gives time of flight and vertical and lateral deflections for 
all-around fire from a gun mounted in aircraft in horizontal flight. FT 37AC-BL-1 gives time of flight. 
gun elevation, and lateral deflection for forward fire from a gun mounted in aircraft in horizontal flight. 


SECTION V 
EFFECT DATA 
Paragraph 
Fragmentation = = = ----------------.-..-----.-..-- 11 


1i. Fragmentation, Firing Record P36686 gives the results of a fragmentation test of three НЕ 
Shell M54 with a modified PD Fuze M56, conducted at Aberdeen Proving Ground, Two semi-circular 
panels 6 feet high were made of pine boards with a nominal thickness of 1 inch: panel A had a radius of 
12 feet; panel B, 20 feet. Each shell was suspended at the common center of the circular arcs in a plane 
bisecting the panels with its axis horizontal and directed toward the edges of the panels, The shell were 
detonated statically. The velocity of some of the fragments was measured at a distance of 19 feet. The 
namber of perfurations and penetrations in each board were counted. The following table gives the ve- 


Ісейу in each spray and the number of perforations and penetrations in each panei. 


Round Velocity - fps perforations _ Peneirations 
No. Side Nose Tail А 8 тоа! А в таа! 
1 3180 1400 ---- 21 11 32 157 63 220 
2 2520 ---- 1900 41 12 53 ігі 119 319 
3 ---- 730 1330 30 3 46 93 108 201 
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Ballistic Research Laboratories Ballistic Research Lab. 
Handbook of Ballistic and Aberdeen Proving Ground, 
Engineering Data for Ammunition, Maryland 
Мо. 37-1 -59 21 February 1949 
BALLISTIC AND ENGINEERING DATA 
for 
Shot, APC, 37-mm, M59 
with 
SeM-destroying Tracer 
Section Paragraphs 
I | General---------------------- 1 
II Description ------------------ 2-4 
ш Interior ballistic даа --------- 5 
IV Exterior ballistic data -------- 6-8 
N Effect data -------- ----------- 8 
SECTION 1 
GENERAL 
Paragraph 
Purpose < < < a =a < %%%“ = = < = = =< = = = = - 1 


1. Purpose. The purpose of this number of tbe handbook is to furnish a concise collection of infor- 
mation regarding the shape, dynamics, ballistics and effects of tne 37-mm Armor-piercing Capped Shot 
M59, which contains а self-destroying tracer composition. This information is coliected from the draw- 
ings, reports, firing tables, and technical manuals pertaining to this ammunition. - 
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FOR SHOT. АРС, 37.ММ, М59 


SECTION П 
DESCRIPTION 
Paragraph 
Drawings ——ũ—— ſ 2 — 2 
Dimensions?srtt?;?;hœu „ „„ „ „„ 3 
Physical characteris tits 4 
2. Drawing. 
Shot: Metal parts assembly and detail 752-289 
3. Dimensions. 
Band: Distance from base 0.40 cal 
Width 0.50 cal 
Cylindrical part of body: Length 1.80 cal 
Ogival part of body: Length 1.09 cal 
Outside length 0.28 cal 
Radius of arc 1,01 cal 
Cap: Length 1.08 cal 
Length of ogival part 0,84 cal 
Radius of arc 8.92 cal 
Vertical angle : 120° 
Length: Shot body 2.69 cal 
Total ogive 1.34 cal 
Total projectile 3.14 cal 


4. Physical characteristics. 


Weight (standard) 1.91 lb 
Base to center of gravity 1,460 са | 
Axial moment of inertia 0.4885 15.in* 
Transverse moment of inertia 8.015 15.42 
SECTION Ш 
INTERIOR BALLISTIC DATA 
Paragraph 
Theoretical yaw in orte „„ 5 


5. Theoretical yaw in bore, 


Minimum 13 min 
Maximum 22 min 
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SECTION IV 
EXTERIOR BALLISTIC DATA 
Paragraph 
Aerodynamic dae „„ „„„„„%rĩ 6 
Firing table data: Automatic Gun, MIAZ = - - - „ з T 7 
Firing table data: Automatic Gun a = - = - - „6% 8 


6. Aerodynamic data. The drag coefficient plotted on page 4 was determined from resistance firings 
of the APC Shot M59 without tracer at Mach numbers from 1.1 to 2.25. The cther data listed below were 
taken from Ballistic Research Laboratory Report No. 436, "Yaw and Drift of 37-mm Armor-plercing Shcts", 
ami pertain to M59 Shot with tracer, 


Velocity u 2800 fps 
Drag coefficient Kp 0,396 
Cross Wind Force coefficient Kt 0.093 
Normal Force Coefficient Ky 9.489 
Base to Center of Pressure h 1.98 cal , 
Overturning Moment coefficient Км 0,250 
Ratio of coefficients к/к, 4 0,37 

Drift function Q=K /K 47110? 
Yawing Moment coefficient Кн 1.62 
Magnus Moment coefficient K -0,125 
Twist of rifling 1/n 1/30 
Stability factor a 12.15 


7. Firing table data. Automatic Gun МЇА2 (Antiaircraft). 

FT З7АА-Н-2, Cl. Twist of rifling: 1/30. Muzzle уеігегу: 2050 fps. ОСМ items 16088 and 16144 
recommended and approved standardization of the AP Shot M59 in the Automatic Gun MLAZ. OCM item 
17899 changed its designation from AP to АРС. 
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8. Firing table data. Automatic Gun МЭ (Aircrzit). 


FT 37AC-BC-1. Twist of rifling: 1/20. Милле velocity: 2800 fps. OCM items 20955 and 21241 
recommended and approved authorization for using the APC Shot M59 in the Automatic Gun М9. 

a. Ballistic coefficient, The firing table was computed with а balistic coefficient of unity with 
respact to the modified Space and Time functions: 


5° = 220.7 7g T' . 11.25 (I, - 1), 


Y 


where T, and I, are the Time and Inclination functions based on G,. This is equivalent to taking the 


ballistic ccefficient relative to Projectile Type 6 inversely proportional to the velocity, 


b. Trajectory data. The firing table gives trajectory data for firing forward from an airplane. 
Data for all-around fire are not required at present. 


SECTION V 
EFFECT DATA 


Penetration 


9. Penetration. The following graphs, showing the penetration of armor plate by the 37-mm АРС 
Shot M98, were taken from Volume HI of "Termina! Ballistic Data", 
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Ballistic Research Laboratories Ballistic Research Lab. 
Handbook of Ballistic and Aberdeen Proving Ground, 
Engineering Data for Ammunition, Maryland. 

No. 37-1-80 23 February 1949 


BALLISTIC AND ENGINEERING DATA 
for 
Shot, AP, 37-mm, M89 
with 
Self-destroying Tracer 


Section Paragraphs 

I General --------------------- 1 

П Description --------------.--- 2-4 

III Interior ballistic data --------- 5 

IV Exterior ballistie data -------- 6-8 

V Енесі data ------------- «----- 9 
SECTION 1 
GENERAL 

Paragraph 
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1. Purpose. The purpose of this number of the handbook Is to furnish a concise collection of infor- 
mation regarding the snape, dynamics, ballistics and effects of the 37-mm Armor-fiercing Shot M82, which 


contains a seif-destroying tracer composition. This information is collected from the drawings, reports, 


firing tables, and technical manuals pertaining to this ammunition, 
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FOR SHOT, АР, 37.MM. M80 


SECTION H 
DESCRIPTION 


Paragraph 
Drawing = -----------------2.---.--.-.-.-.-. 2 
Dimensions % ů % „ „„ 3 
Physicaicharacteristics- = = - „b - = = <= — 4 


2. Drawing. 
Shot: Metal parts assembly and details 752-310 


3. Dimensions. 


Band: Distance from base 0.40 cal 
Width . 0.50 cal 
Cylindrical part of body: Length 1.80 са! 
Cgive: Length 1.08 cal 
Radius of arc 1.61 cal 


Shot: Length 2.89 cal 


4, Physical characteristics, 


Wetght (standard) 1.68 lb 

Base to center of gravity 1.268 cal 
Axial moment of inertia 0.4150 lb. in 
Transverse moment of inertia 1.963 ld. inꝰ 


SECTION Ш 
INTERIOR BALLISTIC DATA 


Theoretical yaw in боге = = - = - - - + - -- - - „„ 5 


$. Theoretical yav in bore. 


Minimum 13 min 
Maximum 22 min 
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SECTION IV 
EXTERIOR BALLISTIC DATA 


Aerouynamic data - dm Ret опы secs 
Firing table data: Automatic Guns M4 and MIO 
Firing table data: Automatic Gun МО 

9. Aerodynamic data 
of the AP 
Ballistic 


The drag coefficient plotted on page 4 


m Research Laboratory Report No. 438, 


Velocity (fps) 


coefficient 


о Center of Pressure 


aze: 
Cverturning Moment coefficient 
Ratic of coefficients 

Drift function 
Yawing Moment coefficient 


magnus Moment coefficient 


. Firing table data: Automatic Guns 
of rif!ing 


5 сен feed. 
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a. Form factor. The form factor of the AP Shot MBO relative to its own drag function is i = 1.0). 
The drag coefficient curve is shown on page 4. 


b. Ballistic coefficient. C = 9.782 
с, Stability factor (normal). S. = 6.785 = 


d. Damping coefficients. с” = 0,001,577, 
0 


е. Windage jump coefficient. 
f. Yaw-drag coeíficient. Ko 3° 16.4 rad 4 | 


в. Trajectory data. The firing table gives time of flight and vertical and lateral aeflections with the 
arguments true air speed, zenith angle (800 to 2400 mils), azimuth (5829, 8207, 2, 499 and 39) mils), and 


future range for horizontal flight in air of standard surface density. 


8. Firing table data: Automatic Gun M9 (Aircraft). . " 
ЕТ 37AC-AW-1, FT 37AC-BD-1, and FT 37AC-BE-1. Twist of rifling: 1/30. Muzzle velocity: j 


in the Automatic Gun M9 with a standard muzzle velocity of 3050 fps. 

а. Form factor. The form factor of the AP Shot MSu relative to its own drag function is 1 1,22. ) 
The drag coefficient curve is shown on page 4. 

b. Ballistic coefficient, С = 2.782 


с. Stability factor (normal) S = 8,785 


d. Damping coefficients, c! = 5.00 
с 0 


e. Windage jump coefficient. b = 28,000 mil. fos 


f. Yaw-drag coefficient. X 
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g. Trajectory data. 


(1) PT 37AC-AW-1 gives time of flight, elevaticn, and lateral deflection with th 


density ratio, true air speed, and fwure range for norizzntai flight, zero azimuth, and impact zn the nori- 


zontal plane thru the Иле of flight. 
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(2) FT 37AC-BD-1 gives time of flight and vertical and lateral deflections with the arguments 
true air speed, zenith angle (800 to 2400 mils), azimuth (5600, 6000, 2, 420 and 800 mils), and future range 
for horizontal flight in air of standard surface density. 

(3) FT 37ACZ-BE-1 gives time of flight and vertical deflection with the arguments true air speed, 
dive angle (2, 200 and 400 mils), and present range for firing forward from an airplane in air of standard 


surface density. 


SECTION V 
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Paragraph 
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9, Penetration. 
а. Ballistic limits. 


m Homogeneous Plate Ballistic Number 
Thíckness Brinnell Obliquity Limit in 


inches number deg Type fps Average 


0.75 317 0 Navy 1159 4 
0.75 356 9 Navy 1093 3 
1.00 327 0 Navy 1288 6 
1.06 369 9 Navy 1251 H 
1,09 401 0 Navy 1203 1 
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Ballistic Research Laboratories Ballistic Research Lab. 
Handbook of Ballistic and Aberdeer Proving Ground, 
Engineering Data for Ammunition, Maryland. 
No, 40-1-2 1 March 1949 
BALLISTIC AND ENGINEERING DATA 
for 
Shell, HE, 40-mm, Mark 2 
with 
Tracer, SD, Mark 11, Mark 11 Mod 2, МЗ or МЗА1 
and 
Fuze, PD, Mark 27 or M7i 
H General ------------.----.-- 1 
11 Description ----------------- 2-4 
їп Interior ballistic data -------- 5-6 
IV Exterior ballistic data ------- 7-8 
V Effect data --------- ——— 9 
SECTION 1 
GENERAL 
Paragraph 
Purpose --------------.---- ---------...-.-- 1 


1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor- 
mation regarding the shape, dynamics and ballistics of the 40-mm High Explosive Sheli Mark 2 with Shell - 
destroying Tracer Mark 11, Mark 11 Modification 2, МЗ or МЗА! and Point Detonating Fuze Mark 27 or 
M71. This infcrmation is collected from. the drawings, reports and firing tables pertaining to this ammu- 


nition. 
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FOR SHELL. НЕ ЮММ MARK 2 


Drawings 


Dimensions 
Physical characteristics 


SECTION И 


DESCRIPTION 


— —— —̃H— on e l —:n:neꝛꝛA[ l l ldi 


2. Drawings. 


Shell: Metal parts assembiy and c talls 


Tracer, SD, Mark 1i (Navy BuOrd) 


Tracer, SD, Mark 11 Mod 2 (Navy BuOrd) 


Tracer, SD, МЗ 


ог M3Al 


Fuze, Detonating, Mark 27; General arrangement 


апа details (Navy BuOrd) 


Fuze, PD, М71: 


Assembiy 


Cartridge, HE- T (SD, Mk 11), Mark 2: Assembly 
and marking diagram 


3. Dimensions. 
Roattall: Angle 


Length 

Band: Distance from boattati 
Distance from base 
Width 

Cylindricai body: Length 

Head: Angie 
Length 

Tracer; Outside tength 

Fuze: Outside length 

Length:  Sheii 


4, Physical characteristics. standard weight: 1.985 15, 


Shell and ға 


2817 


» 
4 ам“. 
Shell, tracer and fuze 


Head and faze 


sade sheli with wooden tracer plug and Dummy Fuze T34, 


enter of gravity 


tof inertia 


тошеп! of inertia 


a а. 


w“ < <“ <= = > = - =“ < = д < = < < < ж = < < < ш ы 


7*30' 

0.89 са! 
0.35 са! 
1,20 cai 
5.28 са! 
4.48 cal 
4.81 са! 
1,89 cal 


ВАН 20.1.2 
2.4 


The follow ing data pertain to inert- 
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DIAGRAM OF RESULTANT STRES 


BALLISTIC AND ENGINEERING DATA 


— ͥ —— E nnn 


FOR SHELL, HE, 40-MM ARK 3 BRLH 40.1.2 
5.7 


SECTION ш 
INTERIOR BALLISTIC DATA 
Paragraph 
Stresses - --W „„ 5 
Theoretical yaw in bore = -----------------.-..--. 6 


$. Stresses. The following table and the graphical representation on page 4 show the longitudinal, 
radial and tangential stress at the front end of the band seat. 


Gun, Automatic, 40-mm M1 and M2 
Travel to maximum prensure 8.8 in. 
‘twist of rifling at max P 1/42.4 
Cross-sectional area ot bore 2.0823 sq in. 
Rated maximum pressure 40,000 psi 
Total weight of projectile 1.985 1b 
Muzzle velocity 2,870 ips 
Density of filler (TNT) 0.057 w per cu in. 
Resultant stress: 
Longitudinal 58,900 psi (compression) 
Radial 1,900 psi (tension) 
Tangential 46,900 pst (tension) 
3. Theoretical ужу in Pore, 
Mir. raub! 20 min 
Maximum 26 min 
SECTACN IV 
EX TZ NOR BALLISTIC DATA 
Paragraph 
Aerciynsmic data ~ = =. = un = = .---ж--ғ--.-... . -- 7 
Руши е data Wed RE „ 8 
¥. Aerodynamic data. 
а. Prag. 
(i) Time-of-flignt firing. 40-mm НЕ Shell Mark 2. 
Fuze Tracer Veiocity Drag Form Drag 
ffs Funciton Factor Cog, 
1464A1 M3 2867 Gr .062 „128 
Mx 27 Mk 11 2356 Ge 927 124 


-- = — — — —Eü—ũ تست د‎ ——— a Ж. — лар ыдысы — дала „лы 
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b. Stability. Ballistic Research Laboratory Report No. 252, "Stability of 40-mm Shell Mark 
TI T/L/", gives зегодугагліс data for inert-loaded shell with Dummy Fuze T34. A wooden plug was inserted 
in the tracer cavity, but it came out when the shell was fired. The stability firings were done with a Bofors 
Gun containing а tube that was rifled with a final twist of 1/30. 


Velocity Mach Stability Moment 
fps Ко. Factor Coefficient 
1200 1.042 1.23 1.85 

2890 2,514 1.48 1.54 


8. Firing table data. FT 40AA-A-3. 

Guns, Automatic, 40-mm, M1 and Dual, Automatic, 40-mm, M2. Twist of rifling: Increasing, 
1/45 to 1/30. MV: 2800 fps (the MV for a new gun is 2870 fps). Weight of Shell with Tracer and Fuze: 
1.985 Ib. ОСМ items 17175 and 17250 recommend 2 and approved the standardization cf the Quick Firing 
High Explosive Shell Mark 2 with Tracer and Delay Action Percussion Fuze No. 261 Mark 1. OCM items 
20391 and 20729 recommended and approved the reclassification of the Detonating Fuze Mark 27 from 
substitute standard to standard and the adoption of the Point Detonating Fuze M71 as alternate standard. 
The Shell-destroying Tracers Mark 27 and Mark 27 Mcd 2 are standard; the Shell-destroying Tracers МЗ 
and МЗА1 are alternate standard. 

a. Form factor and ballistic coefficient (Projectile Type 5), At all elevations: 


15 = 0.947 


Ce = 0.845 
b. Trajectory data. Part 1 of the firing tables contains trajectory data for antiaircraft fire; 
Part TI, differential effects; and the Appendix, trajectory and time curves. 
Maximum horizontal range 10,850 ya 
Maximum ordinate 7,025 yd 
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SECTION Y 
EFFECT DATA 


9. Fragmentation. No fragmentation tests of the 40-mm Shell Mark 2 with its standard loading 
of TNT. have been conducted here, out Picatinny Arsenal has detonated five Shell Mark 2 loaded with Ednatol 
(50 to 60% ethylenedinitramine and 50 to 40% trinitrotoluere) in a sand pit, and recovered the fragments 
(Test Record No. 194-6). The average weight of the loaded suell was 1.795 Ib; of the empty shell, 1.615 ib. 
The following table shows the average number and weight of the fragments in each of four groups. 


Weight Number Weight of Percent of 
Zone ot Fragments Empty Shell 
grains z ents Recovered 
е. т 197 0.60 
75 - 180 14 0.23 
150 - 750 13 0.45 
750 - 2500 1 0.24 
Total 228 1.53 94.7 
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Ballistic Research Laboratories Ballistic Research Lab. 
Handbook of Ballistic and Aberdeen Proving Ground, 
Engineering Data fc> Ammunition, Maryland, 
Ко. 40-1-81 , 2 March 1949 
| BALLISTIC AND ENGINEERING DATA 
| for 
Shot, AP, 40-mm, M81 or МВ1А1 
with Tracer 
Section Paragraph 
I General — 1 
n Descripione------ > 2-4 
ш Interior ballistic data 5 
IV Exterior ballistic data -- * 7 3-7 
у Effect date - - - = - ----- 8 
SECTION 1 
GENERAL 
Paragraph 
Purpose —— BM P - с - - 1 


1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor- 
mation regarding the shape, dynamics, ballistics and effects of the 40-mm Armor-piercing Shot M81 or 
M81A1 with Tracer. This information is collected from the drawings, reports, firing tables, and technical 
manuals pertaining to this ammunition. 
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FOR SHOT, AP, 40-ММ, MBIAI BRLH 40-1-63 
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* Estimated on the basis of measurements of the 37-mm Armor-piercing Capped Shop M51. 
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| 
SECTION П 
DESCRIPTION 
Ë 
| Paragraph 
Drawitge-- - ----------------------.-.-.-.-.-- 2 
Dimensions = = --4---------- --4-----.-...-...-.- 3 
Physical characteristics = - ----------------.-.-.-.--- 4 
і 2. Drawings. 
| Shot: Metal parts assembly 75-2-311 
! Details 15-2-312 
| Tracer 75-14-333 
| 3. Dimensions. 
| Band: Distance from base 0.507 cal 
Width 0.400 cal 
| Body: Cylindrical length 1,575 cal 
| Windshield: Length 2.330 cal 
| Radius of ogival arc 5.930 са! 
Shot: Total length 3.905 cai 
4. Physical characteristics. 
Weight (standard) 1.96 1 
Ване to center of gravity* s 1.21 cal 2 
Axial moment of inertia* Ë 0.574 1b. in, 
| Tranaverse moment of inertia* 2.64 ib, in 


Paragraph 
| Theoretical yaw in bore - = - - - - - - - = = < 3 5 
5. Theoretical yaw in bore. 
Minimum 25 min 
Maximum 32 min 


— мод m. x T. =  —s a=. . —— ARR RR ت‎ ði( ee nm et ал А хм. 
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SECTION IV 
EXTERIOR BALLISTIC DATA 
Paragraph 
Aerodynamic data „„ „„ „„ 8 
Firing table dat „„ „„ 7 


8. Aerodynamic data. 


а. Drag. With the Gg drag function, the ballistic coefficient was determined from the time of 
flight at 600, 1000 and 1500 yards and the elevation at 7500 yards range. The exirapolated value at zero 
range is 0.615 (see par. 7b). The corresponding form factcr, relative to Projectile Type 6, is 1.285. Hence, 
the drag coefficient is 0.142 at the standard muzzle velocity of 2870 fps. These data were obtained with the 
AP Shot M81, but are applicable to the AP Shot М81А1, since its contour is only slightly different. 

b. Stability. No stability firings have been done with the 40-mm AP Shot M81 or М81А1, The 
stability factor, estimated from that of the 37-mm Armor-piercing Capped Shot M51 (given in Ballistic 
Research Laboratory Report No, 225, Stability of 37-mm HE Shell M63, АР Shot M51, and Proof Projectile 
M52") at velocities of 1350 and 2760 fps, for a twist of rifling of one turn in 30 calibers, is 2.58. 

7. Firing table data. FT 40AA-A-3, 

Guns, Automatic, 40-mm, M1 and Dual, Automatic, 40-mm, M2. Twist of rifling: increasing, 
1/45 to 1/30. MV: 2800 fps (the МУ for a new gun is 2870 fps). Weight of Shot with Tracer: 1.96 15. 

OCM items 17676 and 17750 recommended and approved standardization of the Armor-piercing Shot M81. 
The M81 Shot is now classified as limited standard, and the M81A1 standard, 
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Paragraph 


Penetretion 8 


8. Penetration, 
5. Ballistic limits. 


Plate 
Thickness; 1.9 in. 


Obliguity: 20° 


Face-herdened 


Homogeneous: 
Brinne! No. 269 
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Ballistic Research Laboratories 
Handbook of Ballistic and 


Engineering Data for Ammunition, 
Ко. 57-1-308 


BRLH 57-1-36 
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Ballistic Research Lab. 
Aberdeen Proving Ground, 
Maryland. 

2 March 1949 


BALLISTIC AND ENGINEERING DATA 


for 
Sheli, НЕ, 57-mm, M306 
with 
Fuze, PD, M89 
Section Peragraphs 
I General ----.----.----.- 1 
II Description- ----------- 2-4 
ш Interior ballistic data ------ 5 
гу Exterior ballistic dat 6-7 
V Effect dat » 8.9 
SECTION 1 
GENERAL 
Paragraph 


= о = —ẽ—ê o = = =< = - <“ 


1. Purpose. The purpose of this number of the handbook is to furnish 2 concise collection of intor- 
mation regarding the shape, dynamics, ballistics and effects of the 57-mm High Explosive Shell M308 with 


the Point Detonating Fuze Meg. This informa. n is collected from the drawings, report”, firing tables, and 
firing records pertaining to this ammunition. 
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FOR SHELL, HE, 57-ММ, M306 BRLH 57.1.306 
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SECTION П 
DESCRIPTION 
Paragraph 
Drawings - - - - < < < < <= < +< - - - - < =< = = — —ꝶ—ä—ÿär— — ЕЕ 2 
Dimensions „4 3 
Physical characteristics . de денс вена 4 
2. Drawinga. 
Shell; Metal parts assembly and details 75-2-359 
Fuze: Assembly and details 73-2-233 
Details 73-2-234 and 235 
3. Dimensions, ` 
Chamfer: Angle 10° 
Length 0.055 cal 
Band: Distance irom chamfer 0.345 cal 
Distance from base 0.40 cal 
Width 0.15 cal 
Cylindrical body: Length 1.47 cal 
Ogive: Length 0.545 cal 
Radius of arc 2.01 cal 
Fuze: Length foucside) 6.785 cal 
Length: Shell 2.07 cal 
Shell and fuze 2.835 cal 
Ogive and fuze 1.31 cal 
4. Physical characteristics. 
Weight (standard) 2.78 1b 
Weight (as tested) * 2.86 lb 
Base to center of gravity 1.237 cal „ 
Axial moment of inertia 2.18 
Traverse moment of inertia 9.89 Ib. in" 


* Sec BRL Memo Reports 200 and 328. 
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5-1 
SECTION Ш 
INTERIOR BALLISTIC DATA 
Paragraph 
Theoretical yaw in bore = = u + - e~s - -- ee - + „„ 5 
5. Theoretical yaw in bore. 
Minimum 11 min 
Maximum 18 min 
SECTION IV 
EXTERIOR BALLISTIC DATA 
Paragraph 
Aerodynamic data ------------------.-.-.-.-.-.-.--- 6 
Firing able data „„ „ -- - 7 
6. Aerodynamic data. 
2. Drag. 
Drag function G 
Form factor (from time of flight) 0.86 } 
Velocity (fps): Muzzie 1200 Mean 975 
Drag coefficient, Кр 9.191 9.105 


b. Stabiiity. These data were obtained with the experimental Shell T22 with a PD Fuze; its 
physical characteristics are given in paragraph ч (see Ballistic Research Laboratory Memorandum Rep:rts 
No. 300 and 3480), 


Muzzle velocity 1176 ips 
Twist of rifling 1/30 
Stability factor (standard) 1.82 


Moment coetfictent, K 1.31 


м 


7. Firing table data. FT 57-Е-1, 
Rifle, 57-mm, M18. Twist of rifling: 1/20. Muzzlo velocity: 1200 fps. OCM items 27443 and 


28073 recommended and approved standardization cf the HE Shell M306. 
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8.9 
SECTION V 
EFFECT DATA 
Paragraph 
Sand pit fragmentation = --------------.----....-..-- 8 
Pa el fragmentation = ------------------.-..-.-.-..-- 9 


8. Sand pit fragmentation., The data given in this paragraph were extracted from Firing Record 
Р-38375, Five HE Shell T22 were placed in boxes and detonated statically by means of an electric blasting 
cap connected to the PD Fuze T119E1, which was modified for this purpose, The fragments were separated 
from the sand by means of a magnet and grouped according to weight. The following tabie shows the average 
number and weight of the recovered fragments, 


Weignt zone No. of Wetght Percentage of 
(grains) Fragments (1b) Empty Shell 
Gto 50 428 0.82 

50 to 75 16 0.13 

75 to 150 12 0.16 
150 to 750 1 0.08 
Total fragments 457 1.14 54 
Scra 0.35 17 
Total iragments and scrap 1.48 71 
Empty shell 2,11 100 
Loaded shell 2.63 


9. Panel fragmentation. The data given in this paragraph were extracted from Firing Record 
P-38060. The panels consisted of 1-inch dressed No. 3 pine boards 9 feet high, placed in two semi-círcles 
with radii of 15 and 30 feet. Each of five HE Shell T22 was placed at the common center of the semi-circles, 
with its axis in а horizontal piane that bisected the panels, and detenated statically by means of an electric 
blasting cap connected to the PD Fuze T119E1, which was modified for this purpose. Fragment velocities 

, were obtained by means of screens placed 15 feet from the sheli, The following table shows the average 
weight of shell, fragment velocity, and number of fragments that penetrated the panels, 


Weight of shell 2.68 lb 
Fragment velocity: Side spray 4259 fps 
Nose spray 1332 fps 
No. of fragments: Perforations Penetrations 
15-ft radius 146 471 
30-ft radius 67 197 


Total 213 566 
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SECTION I 
GENERAL 


Purpose ----------- =“ a =“ =“ = < < “= = = =< = < %< < < = = 


BRLH 57.1.307 
1 


Ballistic Research Lab. 
Aberdeen Proving Ground, 
Maryland. 

J March 1949 


1. Purpose. The purpose of this number of the handbook is to furnish а сопсіее collection of infor- 
mation regarding the shape, dynamics, ballistics ard effects of the 57-mm High Explosive Antitank Shell 
M307 with the Point Initiating Fuze M90. This information is collected from the drawings, reports, and firing 


Aes pertaining to this ammunition. 
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2.4 
SECTION П 
DESCRIPTION 
Paragraph 
Drawings ------------------------- -о<--- 2 
Dimensions = --------------.- 2-44....- —U— — 3 
Physical characteristics ~ - - - < = 5 - auca „ mm mm å 
2. Drawings. 
Shell: Metal parts assembly and details 75-2-353 
Details 75-0-354 
Fuze: Assembiy 73-2-228 
Details 73-2-237 and 238 
$. Dimensions, 
Closing plug: Length (outside) 0.10 cal 
Shel body: Base to band 0.40 cal 
Band width 0.15 cal 
Base extension 0.07 cal 
Chamfer angie 10? 
Cylindrical length 2.12 cal 
Threaded length (under Тиле) 0.21 cal 
Total body length 2,35 са! 
Fuze: Body length (outside) 0.30 cal 
Ogive length 0.82 cal 
Radius of ogival arc 2.00 cai 
Total length 1.12 cal 
Length: Shek (body and closing plug) 2.35 са 
Shell and fuze 3.47 cal 


4. Physical characteristics. 


Ва | G moments e 
Dwg 75-2-353 Inert ia - Id. in 

15 Rev - Date 

PA-E-T45-187 -- 94 Oct 44 2,71 1.353 


MG-1 1- 3 Маг 45 2.70 1.269 
OR-2X | 2- 8 Мау 45 2.75 (Standard) 


BRLHO57-1307 BALLISTIC AND ENGINEERING DATA 
U га 


SECTION Ш 
INTERIOR BALLISTIC DATA 
Paragraph 

Theoretical yaw in bore = ------------. —UU— “emm 5 

5. Theoretical yaw in bore. 

Minimum 5.3 жш 

Maximum 9.0 min 

SECTION IV 
ЕХТЕНЮЯ BALLISTIC DATA 
Paragraph 

Аегодупан с да ~ ----------»>-------..-.-.-...-.-. 6 
Firing table data ----- 2------..-.............-.-.. 7 

6. Aerodynamic data. 

а. Drag. The form factors relative to Projectile Type 1 that are tabulated here were determined 

‘from observed times of flight. P 

Shell Form Velocity Drag Coefficient 

Lot Factor ips K, 

No. h Muzzle Mean Yat muzzle vel.) 

MG-1 0.982 120 956 .218 

SBR. 1.05 1200 1028 ‚233 


t. бами, Ballistie Неке rch Laboratory Memorandum Report No. 2460 and letter APG 
474.1/165 give the stability factors and mo... ent сее ест of two lots of shell whose interioz dimensions 
were different (see par. 4 for inar physical caaracteristics). 


ghe Muzzle Twist of ау Moment 
"CH теюсіу _ Вай — = Factor Cozifictent 
No. 195 27. 5 K 

K 
РА-Е-Т45-187 1200 1/54 1.34 1.53 
MG-1 1215 1730 Lite 1.15 


— 


FOR SHELL, HEAT, 57 ММ, M307 ВЕН 57-31-307 
? 


7. Firing table data. РТ 57-2-2 (abridged). 
Rifle, 57-mm, M18. Twist of rifling: 1/90. Muzzle velocity: 1200 fps. OCM items 27443 and 29073 
recommended and approved standardization of the HEAT Shell M507. 


а. Form factor ond ballistie coefficient, The following form factor and ballistic coefficient re- 
lative to Projectile Type 1 apply to АП elevations, 
i 0.94 
с 0.583 


ғ... 
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SECTION Y 
EFFECT DATA 
Paragraph 
Penetration - - - e - - - = = - - - - - - = = -------- ---..- 8 


8. Penetration, The average penetration of nomcgeneous а?о,ст plate by 57-пип HEAT Shell 24307 
is 2.5 inches, 
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SECTION 1 
GENERAL 
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1. Purpose. The purpose ої this number of the handoook is to furnish а concise coUecticn of infor- 
mation regarding the shape, dynamics and bailistics of me 60-mm High Explosive She M49A2 vit the 
Pom Detonating Fuze МЕФА:. This information is ccilected from the drawings, reports and firing tables 
pertaining te this ammunition, 
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2. Drawings. 


Shell: Metal parts shipping assembly and details 75-2-285 
Fins: Лели and details 75-2-225 
Puse: Assembly and details 23-1-181 
Compiete round: Assembly and marking diagram 75-3-82 
3. Dimensions. 
Fins: Humber 8 
Lengu. 9.83 са: 
Length cf зєсепо:у (outside; 9.21 са! 
Shell: Radius of arc benind bourrelet 8.33 cal 
Length of reer part 1.45 cai 
Length of ocerreiet 0.21 cai 


и: 
Я, 
ET 
я“ 
ВЕ 
a 
° 
M 
Ë 


Fuse: Length (outside) 1.08 1 
Length: Shell and fin assembly 3.03 cal 


Shell, fia assembly. and fuze 4.03 cal 
4. Physica? characteristics. 
Weight istandard? 2.088 it 
Zenter X gravity 12 nose 1.575 ga! 5 
Transverse moment of inertta 13,45 .t 13 
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6. Firing table ta. FT 8C-A-3 and ЕТ 60-A-4 (abridged). Mortar, 60-mm, М2 and M19. Smooth 
bore. Muzzle loading. Projectile weight: 2.96 b. ОСМ items 14517 and 14617 recommended and approved 
standardization of the HE Shel] M49 with the PD Fuze M49. ОСМ Нет 15196 classified the HE Shell М49А1 
(steel instead of cast iron) with the PD Fuze M52 as standard for limited procurement. ОСМ items 16026 and 
16122 recommended and approved standardization of the HE Shell M49A2. 


a. Form factors and ballistic coefficients. The following form factors and ballistic coefficients 


relative to Projectile Type 1 apply to all elevations. 
Charge Muzzle Form га изНс 
Velocity Factor Zoefficient 
No. ps 4 V1 
0 189 .62 .850 
1 292 413 .730 | 
2 377 ‚78 .680 ! 
a 449 .81 „658 
4 514 „82 „650 
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SECTION 1 
GENERAL 


Paragraph 


Purpose 1 


1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor- 
mation regarding the shape, dynamics, ballistics and effects of the 60-mm TNuminating Shell M83A1 with the 
Time Fuze M65Ai, This information is collected from the drawings, reports, firing table and firing records 
pertaining to this ammunition, 
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2. Drawings. 


Shell: Body and loading assembly 
Details 
Fins: Assembly and details 
Fuze: Assembly 
Details 


Complete round: Assembly and marking diagram 


3. Dimensions. 


Fins: Number 
Length 
Length of assembly (outside) 


Body: Rear cylindrical рег! 
Conical part 
Front cylindrical part 
Total length 

Fuze: Length (outside) 


Length: Body and fin assembly 
Body, fin assembiy, and fuze 


4. Physical characteristics, 
Weight (standard) 


BRLH 60-1.83 


15-14-3590 
15-2-316 
75-2-285 
73-3-177 
and 180 
75-1-143 
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SECTION m 
EXTERIOR BALLISTIC DATA 
Paragrapn 
Aerodynamic data - - - - - -<<------------------- 5 
Firing table dala -- -------------- ---------. 6 


. Aerodynamic data. Ths ballistic coefficient of а 3.7-15 Dluminating Shell M85). tiye to 
ые: Туре 1, determined at the lowest elevetion used in the range firings with each pr: pelling charge, 
and the corresponding form factor and drag coefficient are tabulated below. 


Muzzle Elevation Ballistic Form Drag 
Veloci Coefficient Factor Coefficient 
fps deg © 1 Kp 

315 60 „543 2.01 177 

377 50 32 2.31 180 

430 45 328 32 .176 


6. Wiring tabin data. РТ 50-G-1 (abridged) 


Mortar, 60-mm, М2 and Mid. Smooth bore. Muzzle loading. Profectiie weight: 3,70 lb. ОСМ items 
18031 and 18110 recommended and approved standardization of the Шише ig Shell M83 (propelled by 4 
increments of MIA powder) with Time Елде MES, which burns for avout 15 Ser. 

OCM item 23018 designated this pecjectile the Пипи оа Нор Shell МЕЗАТ when propelled by 4 in- 
crements of M3 powder. ОСМ item 31599 reclaszified these projectiles as limited standard. 
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SECTION ТУ 
EFFECT DATA 


T. Пкама си. After barning about 15 seconds, the fuze reiesses the candle, which is carried by a 
parachute. In the fuactioning tests o£ the Mluminating Shell 483A], the candles burned from %5 to 31 seconde 
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Ballistic Research Laboratories Ballist2 Research Lat. 


Handbcok of Ballistic and Aberdeen Proving Greund, 
Engineering Data for Ammunition, Merylanc. 
No. 62-:-502 2 March 1246 
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fer 
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with 
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SECTION І 

GENERAL 

Paragraph 
Purpose - - - - - -»----------.-------.-.-.-.-.-.-.-- і 


1. Purpose. Tre porpose of this number of the handbook ts to furnish а concise zollection of infor- 
mation regarding the snape, dynamics, ballistics ard effects Jf the @-mm Smoke (White rhespiirus’ Skell 
М202 with tre Point Detonating Fuze М82. This information is collected from the draw паз, reperts, ena 
firing tabies pertaining te this ammunition. 
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FOR SHELL. SMOKE (WP), 60-ММ, M302 


SECTION H 
DESCRIPTION 


Drawings- = +--+ - - - - - - - < < mm - + - 
Dimensions < - - - hh - ----- 
Physical characteristics = = - - - - - - - - = - = - - - 


2. Drawings. 


Shell: Metal parts assembly 
Fins: Assembly and details 
Fuze: Assembly 
Details 
Complete round: Assembly and marking diagram 


3. Dimensions. 
Fins: Number 


Length 
Length of assembly (outside) 


Shell: Ogivo-conicai boattail 
Boattail to bourrelet 
Bourrelet 
Body 
Adapter 
Tota} length 

Fuze: Length (outside) 


Length: Shell and fin assembly 
Sheil, fin assembly, and fuze 
4. Physica! characteristics. 


Weight (standard) 
Weight without safety wire and propellant 


BRLH 60.1.302 
2.4 


Paragraph 


75-2-360 
75-2-285 
73-1-195 

73-1-163,196 etc. 
75-1-218 


8 
0.80 са! 
0.91 са! 


0.98 са! 
1.09 са! 
0.42 cal 
2,49 cal 
0.25 са) 
2.14 cal 


1.00 cal 


3.65 cal 
4.65 cal 


3.98 ib 
3.95 ib 
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5.6 
SECTION Ш 
EXTERIOR BALLISTIC DATA 
Paragraph 
Aerodynamic data ¬ ~^ --------------------.-.---- 5 
Firing table data - - ------------------.-.-.---.-.- 6 


5, Aercdynamic data. The following values of the drag coefficient were determined from the form 
factor given in paragraph 6a. 


Muzzle Velocity Drag Coefficient 


‘fps Кт, 
156 086 
244 083 
316 079 
380 077 
439 075. 


6. Firing table data. FT 60-Е-1. 


Mortar, 60-mm, M2 and M19. Smooth bore. Muzzle loading. Projectile weight: 498 lb. ОСМ items 
26323 and 28708 recommended and approved standardization of the 60-mm WP Smoke Shell M302 with the 


PD Fuze M82. 
а. Form factor and bellistic coefficient. The following form factor and ballistic coefficient . ative 


to Projectile Type 1 apply to all elevations and muzzle velocities. 
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SECTION IV 
EFFECT DATA 


Paragraph 
White Phosphorus = = - - - - - - - - - - - - - - - - 4 7 
1. White Phosphorus. White Phosphorus (WP) is a pale yellow solid which burns to white smoke іп 
air. The smoke persists for 10 minutes and has the same odor as burning matches. The burning pieces 
adhere to the skin and clothing; they should be washed with copper sulfate solution or immersed in water. 
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WP is used to screen advancing troops, to start fires, and to harass enemy observers. 
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Ballistic Research Laboratories Ballistic Research Lab. 
Handbook of Ballistic and Aberdeen Proving Ground, 
Engineering Data for Ammunition, Maryland, 

No, 75-1-41 Я March 1949 


BALLISTIC AND ENGINEERING DATA 


for 
Shell, HE, 75-mm, M41A1 
with 
Fuzes, PD, M48A2, and TSQ, M54 
| Section Paragraphs 
1 General = = -------- 1 
Hi Descrip n -------- 2-4 
III Interior ballistic data- -- 5-6 
VI Exterior ballistic data- - - 7-8 
SECTION 1 
GENERAL 
Paragraph 
Purpose “------.-.--...... ane 1 


1. Purpose. The purpose of this number of the handbook isto furnish a concise collection of infor- 
mation regarding the shape, dynamics and ballistics of the 75-mm High Explosive Shell M41A1 with the 
Point Detonating Fuze М48А2 and the Time and Super-quick Fuze M54. This information is collected from 
the drawings, reports and firing tables pertaining to this ammunition. 
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Drawings 
Dimensions 
Physical characteristics 


FOR SHELL, HE, 75-MM, МПА! 


2. Drawings. 
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Shell: Metal parts assembly, marking diagram 


and details 
Booster M20: Assembly 
Fuze, PD, M48A2: Assembly 
Details 
Fuze, TSO, M54: Assembly 
Details 


8. Dimensions. 


Boattail: Angle 
Length 
Band: Distance {гота boattail 


Distance from base 
Width 


Cylindrical Году: Length 
Ogive: Length 


Radius of arc 
Fuze: Outside length 


Length: Shell 
Snell and Fuze 
Ogive and Fuze 


4. Physical characteristics. 


Mesn weight: Zone 1 
Zone 2 (standard) 
Zone 3 


Axial moment of inertia (estimated) 
Transverse moment cf inertia (est.) 


15-2-250 
73-2-112 
73-2-140 
73-2-143, etc. 
73-3-154 
73-3-155, 157, 158, 159, 160 


730" 
0.488 cai 


0.273 са! 
0.759 cal 
0.163 cal 


1.712 cal 


1.077 cai 
6.194 cal 


1.296 са! 


3.281 cal 
4.547 cal 
9.343 cal 
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DIAGRAM OF RESULTANT STRESSES 


FOR SHELL, HE, 5-ММ. M41A1 


Stresses- - - ---------- 
Theoretical yaw іп боге = - 


5. Stresses. The foliowing table and the graphical representation on page 4 show the longitudinal, 
гай г. and tangential stress at each of tree sections: (А) the rear corner of the band seat, (В) the front 


SECTION Wi 
INTERIOR BALLISTIC DATA 
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of the band seat, and (C) immediately behind the bourrelet. 


Howitzer 


75-mm Mi, M1A1, M2 and МЗ 


Twist of rifling 1/20 

Cross-sectional area cf bore 7.0043 sq in. 

Rated maximum pressure 29,000 psi 

Total weight of projectile 13.90 1b 

Muzzie velocity 1,270 tps 

Density of filler (TNT) 0.057 1b per cu in. 

Resultant Stress* Section 

100 psi A C 
Longitudinal ^ 180 - 490 - 422 

Radial + 406 + 39 + 47 
Tangential - 107 + 342 + 284 

* + denotes tension, — denotes compression, 

$. Theoretical yaw io vore. 

Minimum 12,6 min 
Maximum 18.7 min 


Paragraph 
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BRLH 75.1.41 BALLISTIC AND ENCINEERING DATA 
7-8 
SECTION IV 
EXTERIOR BALLISTIC DATÀ 
Paragraph 
Aerodynamic data ~ - - - - - - -- „ö - - - < 7 
Firing table data - -----------------..-.--... 8 
7. Aerodynamic data. The trajectories for the 75-mm Howitzers were based on the G, drag function,” 
with ballistic coefficients determined from range firings (see par. 8b). The extrapolated values of the 
ballistic coefficient at zero elevation and the corresponding form factors and drag coefficients are tabulated 
below. 
Muzzle Bailistic Form Drag 
Velocity Coefficient Factor Coefficient 
fps Cy 12 K, 
105 1.964 481 057 
820 1.886 .85 58 
985 1.830 87 059 
1270 1.714 93 149 


8. Firing table data, FT 75-1-4. 
Howitzer, 75-mm, М1А1, M2 and МЗ. Twist of rifling: 1/20. OCM items 15194 and 15278 recom- 
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mended and approved reclassifying the HE Shell M41A1 as substitute standard for the Howitzers. 
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Ballistic Research Laboratories . Ballistic Research Lab. 
Handbook of Ballistic and Aberdeen Proving Ground, 
Engineering Deta for Ammunition, Maryland, 
No. 75-1-48 10 March 1949 


BALLISTIC AND ENGINEERING DATA 
for 
Shell, HE, 75-mm, М48,зп4 M48E2 
with 
Fuzes, MT, M43; PD, M48A2, М51А4 and M57; 
TSO, M54 and M$5A3; CP, M78; and VT, M97A1 and T73 


Section Paragraphs 
I General - - - - - —— — 1 
Ti Description - - - - - - - - - с 2-4 
ПІ interior ballistic data 5-6 
IV Exterior ballistic data 7-10 
У Effect data- ---------- 11 - 14 
SECTION I 
GENERAL 
Paragraph 
Purpose ꝛ · - a- 1 


1. Purpose. The purpose of this number of the handbook #5 to furnish 2 concise collection of infor- 
marion regarding the shape, dynamics, baziisti ала effects of the 75-mm High Explosive Shel M48 with the 
Меспап! zal Time Fuze M43, the Point Detonating Fuzes M48A2, M51A4 and M57, the Time and Super-quick 
Fuzes №54 and M55A3, the Concrete Plercing Fuze M78, and the Variable Time Fuze M97A1. It alse includes 
some data regarding the experimenta High Ex, loswe Shel: M48EZ and Variable Time Fuze 773. This infcr- 
mation is collected from the drawiags, reports, firing tables, and technical manuals pertaining tc this ammu- 


tion, 
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BALLISTIC AND ENGINEERING DATA 


ALL DIMENSIONS ІН CALIBERS 
1 CALs 2953" 


SHELL, HE, 75-MM, M48 
FUZE, PD, MA 


SHELL, HE, 75-MM, M48 
FUZE, СР M78 


FOR SHELL НЕ, 75ММ MAS BRLH 75-148 
2-3 


SECTION E 


DZSCRIPTION 


Paragraph 
Drewingg- - - ---------- DDUU—ü— U :f:᷑ 2 
Dimensións- sss» ----------.-.. 3 
Physica! characteristics - - < --------- ——ä—ü— — — 5 


3. Drawings. 
Shell M4R: Metai parts assembly, marking diagram 

and details 75-2-255 
Booster M20: Assembly 13 
Booster MZiA4: Assembly 73-2-154 


Fuze, MT, M43: Ásseinbiy 73-7- 29 
Fuze, РО, M4SA2: Assembly 73-2-14 
Detzils 73-2-143, etc. 

Poze, PD, M51534: Assembly 75-2-148 
Deals 73-2-:45, ate. 

Fuze, PD, МЕ?: Assembiv and deiis 13-2-1585 
Details 73-2-139 


Fuze, 750, MMH: Assembly 73-3-:54 
: i s 73-3-153, 157, 158, 152, 160 


Ne, TSQ, М55АЗ: Assembly and details 73-3-і 
{The Booster M21A3 and the TSO Fuze МЕД аге 
components of the TSG Fuze 55543} 


Fe, CP, M78: Body assembly and Getzils 73-2-214 


$. Dimensions. 


Beetall: Angie SOS 
Length 9.48 cai 

Dari w - $ ғ, 7 
Вала. Distance from beattat 0.27 сай 
Distance trem vase 2.72 са: 
Cylindrical toy Length Cee: 
Сте: Legge 2. 1E та. 
Radius of arc ^45 ost 
зле; unfazed: Leng’? = la ра 


2 £= = £ H 7 + 
Fuze (any excert СЕ, МОЁ) 
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Fuze, СО, M78: Outside length C.90 cal 

2 Radius of arc Ç 2.71 cal 
Shell and Fuze 4.89 cal 

Ogive and Fuze 2.08 cal 


4. Бірлікті characteristics. 


Faze Mean Мейн fiu) Base to Moments of регЧа 
тт т Center of (1b.ft^) 
1 а 3 Gravity "Axial Transverse 
(Standard! (cal) 
MT 14.40 14.70 15.00 2.043 0.1260 1.523 
PD 14.40 14.70 15.00 3,037 0.1259 1,495 
TIQ 14,40 14.70 15.00 
СР 15.12 15.42 15.72 
VT 14.85 14.95 15.25 
SECTION Ш 


INTERICR BALLISTIC DATA 


Streqses = = - — = "c^ 


W. Stessses, The following table d the graphical representation on page 5 show the longitudinau, 


radial and tangential stress at each of two sections; (А) the rear corner of the band seat and (B) the front 
uf the band seat. 


Gun 75-mm, М1897А! 
Twist of rifling 1/25.588 
Cross-sectional area of bore 6.987 5472. 
Rated maximum pressure 36,000 na 
Total weight of projectile 14.70 1 
Кит е velocity 1,950 fps 
Dengity of filler 0.057 w рег со in. 

Resultant Stress* Section 

100 pst крие а 

Longitudina! - 208 - 410 

Radial + 326 - 45 

Tangertial ‚ 605 + 438 


* + denotes tension, ~ denotes compression. 


. Пък са! yar in bere, 


Minimum 9 min 
Maximum 13 min 


“Nee? 


FOR S. EIA. HE. 75-ММ. M48 BRLH 75.1.48 


SECTIONS 
А -605 в 
+326 
-203 41 
„Сав 


RADIAL 


LONGITUDINAL 


AXES OF RESULTANT STRESS 


DIAGRAM OF RESULTANT STRESSES 
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SECTION IV 
EXTZBIOR BALLISTIC DATA 


Paragraph 
Aerodynamic data - - - - --------- C 7 
Firing table data: Howitzers = - - - - - - - „„ 8 
Firing table data: Tank Gun „„ 9 
Firing table data: Aircraft unn „4 10 


7. Aerodynamic data. 
a, Loss af spin. Ballistic Research Laboratory Memorandum Report No. 297, Spin Imparted 
by 75-mm Gun T13E1", gives data obtained hy means of а radio spin sonde from five inert M48 Shell with 
a dummy fuze that has the same contour аз the PD Fuze M48A2, fired from 75-mm Guns T13E1 with special 
tubes that have a French form of rifling with a twist of 1/22. The average muzzle velocity was 2014 fps. 
Below are average data for times of flight from 1 to 18 seconds: 


Reynolds’ number, based оп the translational 
velocity and the caliber of the shell and the 


kinematic viscosity of the air 2.30х106 
Axial couple coefficient, К A 0.00587 
Skin friction drag coefficient, Стр 0.00175 


b, Жамау, The "Report on Stability Firing with 75-mm T3 Shell Fitted with M39A2 PD and 
T12 Mechanical Time Fuzes" (Ordnance Program 1982, Technical Staff Test Program 1932-685) gives data 
on stability for the Shell M48 (T3) with the MT Fuze M43 (T12) at muzzle velocities of 905, 1113, 1479, and 
2190 fps. The report on "Stability and Damping cf 75-mm НЕ Shell M48" (Ballistic Research Laboratory 
Memorandum Report No. 203) gives data on stability for the Shell M48 with the MT Fuze М43А3 and the 
PD Fuze M48 at a muzzle velocity of about 1950 fps. The stability firings were done with the 75-mm Gun 
M1920 MVI No. 1, which was rifled with a twist of 1/25, and a modified Aircraft Gun M4 with a twist of 1/22. 
The twist of rifling is 1/20 for the 75-mm Howitzers, 1/22 for the Aircraft Guns M5Ai aud M10, and 1/25.588 
(corresponding to an angle of 7°) for the Tank Guns МЗ, M6 and M17 and the Antiaircraft Guns Tê and T22. 
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d, Damping. The damping of the M48 Shell was observed in connection with the stability firings at 
| 1950 fps. The average values of the sum of the yawing moment damping factor f and Ше cross wind force 
damping factor к are tabulated below. 


Fuze Í + K Probable Error 
MT, M4343 2,82 0.49 
PD, M48 5.00 1.08 
Both 3.76 0.77 
8. Firing table data: Howitzers. ЕТ 75-I-4 with 05. А 
Ë Howitzers, 75-mm, М1А1, M2 and МЗ. Twist of rifling: 1/20. OCM items 15055 and 15132 recom- 
1 mended and approved standardization of the HE Shell M4& for use in Ше Field Gun. OCM items 15194 and 
15278 recommended and approved standardization of the HE Shell M48 for use in Ше Howitzer. 
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$. Frig table date. Tank Guns, ЕТ 75-AY-i. 

Guns, 75-mm, МЭ (mounted in Medium Tank М4 and modification, including Assault Tank M4A3EZ 
Mê and M17 (mounted in Light Tank M24). Twist of rifling: 1/25.586. 

OCM items 18840 and 16741 recommended and approved the use of the HE Shell M48 in the 75-mm 
Tank Gun M2, which is now absolete. 
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10. Firing table data: Aircraft Guns, FT 75A4C-AW-1. 
Guns, 75-mm, M5A1 and M10 (mounted in aircraft), МУ: 1,950 fps. Twist of rifling: 1/22. 

Fuze: PD, M57, ОСМ items 20756 and 20891 recommended and approved the use of the НЕ Shell M48 tn 
the 75-mm Alrerait Gun М4, which is now obsolete. 

ә. Aerodynamic constants, 

Form factor, i (relative to drag function for 

HE Shell M48 with PD Fuze M57) 1.00 
i Ballistic coefficient, C (relative to drag function 
for HE Shell M48 with PD Fuze М5?) 1,688 

Normal stability factor, 8. 1.857 

Damping constant, c' 0.000, 984, 1 wi 

Damping constant, c" 0.000, 025, 6 t^! 

Windage jump coefficient, b 24,931 rails. tps 

Yaw-drag coefficient, К, 18.4 rad ^ E 

b, Trajectory data, The firing tables apply to a gun flexibiy mounted іп elevation on an airplane 
душ horizontally, ст mounted at а fixed elevation on a diving airplane, and firing at a target on Ше ground. 
They list the following data and certain effects on them for true air speeds cf 250 and 350 mph: ) 
Time of Night. 2. 


Horizontal-angle between the gun and the line of sight. 
Vertical angle between the gun and the line of sight. 


Р. 


FOR SHELL. НЕ 75-MM, M48 БЕІН 25-1-4 
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SECTION V 
EFFECT DATA 

Paragraph я 

Ricochet date ——:—ꝓ—ꝓ 2 сто нар 11 š 
Effectiveness - - - - ------------------- кант 12 
Fragmentation - = -----------------.-.-.-.-.-.-.--- 13 
Penetration -----<----------------.-.-.----- 14 


11. Ricochet data, The fc'iowing data on ricochet of 75-mm HE Sheli M48 with PD Ғагев M48A2 and 
M51A4 were taken from volume M of Terminal Ballistic Data", i 
а, HOWITZER, 75-MM, M1A1, M2 and М3 


I TABLE 73 
TANK GUNS, 75-mm, M3, M6 and M17 
4 
Range Angle of Angle сї Impact Height PE in * 
Fall Recovery to Bursi of Burst Height 
of Burst 
yd miis miis yd ft 2 
Charge 1 
MV 700 fps 1,00 109 158 26 12 2 ç 
а 242 265 17 14 3 d 
3,0 415 315 ? 7 2 
e 
MV 810 fps 1,000 82 120 32 12 г 
2,000 178 220 24 16 3 
3,000 295 285 15 14 3 š 
Charge 3 
МУ 950 fps 1,000 58 % 40 il 2 
2,000 127 175 33 21 4 
3,900 208 245 25 18 4 
4,000 305 285 19 1 4 
5,000 425 215 в 8 3 _ 4 
Charges — U C xd CERES : 
MV 1,250 fps 1,000 38 во 5i 24 2 
2,000 86 125 42 15 3 
3,000 142 та] 35 25 4 
4,000 206 £45 28 zi 4 
5,000 279 285 2i 18 4 & 
6,009 363 30 24 14 Ton T 
g 
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b, ТАНЕ GUNS, 76-MM, МЗ, Ыб and M17 


TABLE 74 
TANK GUNS, 75-MM, M3, 148 and M17 


Range Angle of Angle ci Impact Height Height 
Fal Recovery to Burst of Burst of Burst 
„2 уа 


Reduced Charge 

МУ 950 fps 1,000 59 90 49 11 2 

2,000 126 170 33 17 3 

3,000 2% 245 25 18 4 

4,000 501 295 17 18 4 
FFC ЕА тт Рр 

MV 1,500 fps 1,000 26 45 62 8 2 

2,000 65 100 50 15 3 

38,000 118 160 41 19 4 

40902 174 220 33 22 5 

5,000 240 255 26 21 5 

8,906 313 300 19 17 4 

7,000 394 315 i2 12 4 

Super Charge 

` MV 1,950 tps 1,000 13 25 28 2 а 

2 38 60 23 4 1 

3,009 76 105 19 8 1 

4,000 1% i 14 7 i 

5,000 171 215 12 5 2 

6,000 234 280 $ 7 2 

7,000 303 295 7 8 2 

8,600 378 315 5 á 1 


12. EMectiveress. The following data on effectiveness of HE Shell M48 with PD Fuze M54 were taken 


from volume TIT 


of "Terminal Ballistic Data“. 


ә. NUMBER ОР ROUNDS REQUIRED AGAINST ENEMY ARTILLERY 
FOR 59% EFFECT РОВ 10,000 SQ YD IN AREA FIRS 


ge Сере се те É | 


HOWITZER, 75-mm, Mi Al, М2 and МЗ. 
Charge 4: MV 1260 fps 


impact Time and Impact 


Це 


le 


FOR SHELL, HE, 75.MM, M48 Š BREH 75.1.48 
2 2-3 


b. NUMBER OF ROUNDS REQUIRED AGAINST ENEMY ARTILLERY FOR 
90% PROBABILITY OF АТ LEAST ONE EFFECTIVE RIT IN AIMED FIRE 


(1) Howitzer, 75-mm, М1А1, M2 and МЗ. 


Type of Fire 
Time 


(2) Tank Gun, 75-mm, MS, Мб and M17. 


Supercharge: MV 1950 fps 
Range | iype a rire 
ya 


I Impact Time Time and Impact | 


15. Fragmentation. 


a Sand pit test. The sand pi: end panel tests cf BE Shell M46 with PD Fuze M38 were reported 
in Ба Цецс Research Laboratory Report No. 128, "Fragmentation of the 75- mm HE Shei ТЗ аз determined by 


panel and pit fragmentation tests“. The weight of tn; PL Fuze M39 is 2.35 ib and its contour is slightly dit- 
ferent from that of the PD fuze M48A2. 


{2} Four prejectiies were plazed in boxes and detonated in ine sand рі. The fragmen s ere then 
separated fror “ле sand with a hand screen made of 0.03-inch wire with 4 meshes per nch. Finally, they 


were grouped according to size by being sifted thru four screens with the foucwing average dimensions: 


Scree: Meshes Diam of Size of Opening | 

No per wire, Side, Area, 
inch inch _ „са Sg in. 

1 415 .84 71 

2 2 .14 .36 .18 

3 3 30 .23 .055 

4 3 08 127 025 


— 


HG iwair 


(2; The average weight of me sheil ard fuze, without е TNT, was 13.29 lb, The Исав table 


shows the aversze,number and weight of the fragments їп each group: 
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12 
Fragments caught by No. of % of total ` Weight of % of empty Shell 
following screens: Frag- No. 9 Fragments and Fuze 
(Avg of 4 rounds) — mente Fragmeats 1b 
Screen No. 1 8 0.8 : 2.043 15.4 
Screen No. 2 272 34,9 8,449 63.6 
Sereen No. 3 255 32.7 1,713 12.9 
Screen No. 4 - 142 18.2 0.384 2.7 
Thru Screen Nc. 4 104 13.4 9.139 А 1.0 
749 109.0 12.708 85,8 
b. Panel test. 


(1) Four panels were mede of spruce boards with a nominal thickness oi 1 inch. Pane. А was 
semicircular, with a radius of 15 feet, and 9 feet high: it was placed ca the left side of the Ире ~? fire, and 
“һе shell was detonated at the center of the are, abcd midway between Ме top and buttora of the panel. For 
the same rounds, panel B was placed on the right side of the line of fire, with the same center: И was 
semicircular, with 2 radius of 36 feet, and 9 feet high. Panel С was semicircular, with a radius cf TE fest, 
and 12 feet high: it was located Ике panel A, but on different rounds. Pane! D ex:ended for about 45° а: в 
radins of 190 feet, and was 12 feet high: ít was placed opposite panel 2, in such a position as to :nciude the 
sidesprar at remaining velocities np to 1100 fps. The data given below were bbtained from $ rounds firea 
statically in a horizontal position, 5 rounds with а remaining velocity of 200 fps when burst, and 5 rounds with 
a remaining velocity с? 1085 fps, with each pair of panels. 

(2) BRL Report 126 defines certain terms ss follows; A DerforeHing fragment s one that travels 
completely thru the panel. A penetrating fragment is спе that goes at isast 2/18 inch into the pane., but does 
not go all the way thru, A urit solid angle із 1/100 of the solid angle su. ended by a unit of spherical surface 
at unit radius, Polar angles are measured with respect to а horizontai cocrdiraie system wits its orig.n 
at the center cf the panels, at an elevation midway between the top and bcttom 21 the paneis; 1 is assumed 
that the center cf gravity of the projectile coincides with the origin of coordinates, ma: the axis of the che. 
is horizontal, and that the polar exis Иез along the extension of the she. axis In tne direction of tng nose. 


(3) The zesuits of the panel test are shown by ne following tragmemtation density - poiar angle 


curves. 
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FOR SHELL, НЕ 75.MM. М48 


Distance 
from burst 
(t) 


r 
2) 
30 


8 8 S 


TABLE 38 
CASUALTIES 
Average 
Теа! number- number of 
of effective effective frag- 
fragments ments per sq ft 
N B 
1076 0.213 
920 0.0808 
750 0.0375 
640 0.0141 
510 0,0084 
450 0.0036 
370 0.0013 
820 0,0006 
250 0.0002 
200 0.0001 


For the lightest 


effective fragment 
Weight Velocity 
(ог) (fps) 
m v 
0.014 2060 
0,018 1820 
0.024 1670 
0.037 1270 
6.051 1080 
0.063 972 
0,029 813 
9.118 716 
0.173 587 


0.244 


ВАН 75-148 
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с. Casualties, АП the following data on fragmentation of НЕ Snell M48 with PD and TSQ Fuzes were 
taken from volume III of Terminal Ballistic Data" and TM 9-1907, “Ballistic Data, Performance of Ammu- 
nition", The initial fragment velocity of this shell 18 3,120 fps. 
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ERIH 73.1. BALLISTIC AND ENGINEERING DATA 


GASUALTIES 
TANK GUNS 


dolo Maa Lr едри | э Tal e DE 4 r: 
MAU P ые REA 
' г Я ] 1 ri MN * 1 қ 


INCLINATION 0% 
HEIGHT OF BURST O FT 
REMAINING VELOCITY O FPS 


о 
ТЕН AT LEAST! HIT INCLINATION 30° 


2. арадан HEIGHT OF BURST ОРТ 
Б PER 4 SOFT REMAINING VELOCITY 800 FPS 


$2 


FOR SHELL НЕ. 25 ММ Ме BRLH 75.1.46 
13 


CASUALTIES 
TANK GUNS 


REMAINING VELOCITY 800 FPS 


ЕМЕ AT LEAST | HIT 
WE ATLEASTIRT — INCLINATION 30° 
Ш РЕКЮЗФЕТ HEIGHT OF BURST 60 FT 
ТӘСІ A: LEASTIRIT : 
77 AFLEASTIHIT — REMAINING VELOCITY 800 FPS 


x 
x 
| 
o 
INCLINATION 30“ 
HEIGHT OF BURST SOFT 
| 


на 


на 
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d. Perforation o: 1/8-inch alld Steel. 


TABLE 39 


PERFORATIOH Or 1/8 IN. MILD STEEL 


Distance Tatal number 


from burst of effective 

(t fragments 

г N 

20 534 

$0 442 

40 385 

69 $00 

80 242 
120 197 
130 132 
160 86 
10 57 
225 39 


Average 
number of 
effective Frag- 
ments per sq ft 


5 
0.108 
0.0391 
0.0182 
0.0066 
9,9030 
0.0016 
0.0006 
0.0005 
0.0061 
0.0001 
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Por the lightest 
etfective fragment 
Weight Velocity 

(22) (fps) 

m у 
9.049 2390 
0.055 2182 
с.082 2010 
0.127 1790 
0.135 1582 
0.253 1430 
7.275 1270 
0,598 1169 
9.655 1080 
0.620 1020 
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Ballistic Research Laboratories | Ballistic Research Lab. 


Handbook of Ballistic and Aberdeen Proving Ground, 
Engineering Data for Ammunition, Maryland, 
No. 75-1-61 9 March 1948 


BALLISTIC AND ENGINEERING DATA 


for 
Projectile, АРС, 75-rum, M61A1 
with 
Fuze, BD, M66A1 
Section Paragraph 
I General 1 
T Description ---------- 2-4 
HI Interior ballistic data - ~ - o = 5 
IV Exterior ballistic data ¬ -- - 6-7 
V Effect data- - - ~ ~ - ~ - = - = 8 
SECTION 1 - 
GENERAL А 
Paragraph 
Purpose -------------- ыз 2 S St m қары ады сы ۹ 1 
i, Purpose. The purpose of this number of the handbook is to furnish а сопсие 2 °° w of iror- 


mation regarding the shape, dynamics, ballistics and effects of the 75-mm Armor-pier. „ .apped Projectile 
№М81А] with the Base Detonating Fuze М66А1, which contains 2 tracer composition. Tris information is 
collected from the drawings, reports, firing tables, aud technical manuals pertaining w this ammunition. 
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FOR PROJECTILE. АРС, 75-ММ, МАЧА! 


SECTION П 


DESCRIPTION 


2. Drawings. 
Projectile: Metal parts assembly and details 
Fuze: Assembly 

Petals 
3. Dimensions. 
Fuze: Length (outside) 
Band: Distance from base 

Width 
Body: Cylindrical length 

Cgival length (outside) 

Кай of ogival arc 
Cap: Length (outside) 

Radius cf ogival arc 
Windshield; Length 
Radius of ogival г re 
Length: Ogive 
Projectile without fuze 
Projectile and e 

4. Physical characteristics. 
Weight (standard) 
Base of projectile to center of gravity 
Axial moment of inertia 
Transverse moment oi inertia 
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Physical characteristics - = - - - - 2:------ 
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75-2-291 
73-2-178 
73-2-179 and 190 


0.43 cal 


0.25 cal 
0.16 1 


1,96 са! 
0.15 cal 
1.29 cal 


0.41 cal 
7.11 cal 


1.95 cal 
7.11 cal 


2.52 cal 


4.48 cal 
4.90 cal 


14.90 1b 

1.426 cal 2 
15.80 lb. n. 
105.7 ib. in 


* Estimated from Ше values for the 3-ch APC Projectile M62. 
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BRUH 75.1-61 BALLISTIC AND ENGINEERING DATA 
5.5 
SECTION Ш 
INTERIOR BALLISTIC DATA 
Paragraph 
Theoretical yaw in Боге = = - - - +e - - -- - - 4 = —- - 5 


5. Theoretics! yaw in Бога. 


Minimum 11 min 
Maximum 16 min 
SECTION iV 
EXTERIOR BALLISTIC DATA 
raph 
Aerodynamic data - - - - ------------------------ 6 
Firing table data - - - ----------------.-------.-- 7 


6. Aerodynamic data. 

a Drag. А ferm fector o 0.985 relative to the Ge drag function was determined by resistance 
firings at velocities of 1643 and 2007 fps. The corresponding ballistic coefficient is 1.735. At a velocity of 
2030 fps, the drag coefficient is 0,146. 

b. Stability. The moment coefficient, estimated from known data for the 3-inch APC Projectile 
anus, 18 1.346 at 2 muzzle velocity of 2030 fps. The estimated stability fector is 2.66 for a twist of rifling of 
1/ 25,586 (in Tank Guns МЗ, M6 and M17) and 3.60 for a twist of rifling of 1/22 (in Aircraft Guns M5A1 and 
M10). 


с. Yawing moment coefficient. The yawing mement coefficient 15 4.2, This value was calculated 
by an empirical formule determined dy the values given in Table XIV 2! Ballistic Research Laboratory Report 
No. 357, “Damping of Calibers .30 and „40 Bullets and 37-mm HE Stell", 

d. Cross wind force coefficient. The cross wind force coefficient is 0.256, This is the value 
calculated for the 3-inch 15-1b HE Shell M1915, using the drift fcr a range of 9000 yards in PT 3-М-2 and the 
velocities taken from the computed trajectory for an elevation of 10° and а tnuz2ie velocity с: 2600 fps. 

The 3-шсп Shell M1915 and the 75-mm Projectile M6JA2 are approximately the same shape, 
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FOR PROJECTILE, АРС, 75- ММ, МА 


e. Magus moment coefficient. The Magnus moment coefficient, calculated by an empirical 
formula that applies to a large number cf projectiles, ts < 0.30. 


7. Firing table data, FT 75-AT-1. 

Guns, 75-mm, МЗ (mounted in Medium Tank M4 and modifications, including the Assauit Tank 
M4A2E2) M6 and M17 {mounted in Light Tank M24). Twist of rifling: 1/25.586. МУ: 2030 fps. OCM items 
16119 and 16167 recommended and approved standardization of the AP Projectile M61. ОСМ items 16640 
and 16741 recommended and approved authorization for its use in the 75-mm Tank Gun MZ, which is now 


obsolete, ОСМ item 17699 changed its designation from Armor-plercing to Armor-piercing Capped Projectile. 


NOTE: OCM items 20758 and 20991 recommended and approved authorization for the use of the APC 
Projectile 2461 iz the 75-mm Aircraft Gun M4, which is rifled with a twist of 1/25,556 and ts now obsolete, 
and FT 75AC-AX-2 gives firing table data for this materiel The АРС Projectile М6ЗА1 is now standard 
ammunition for me 75- mm Aircraft Guns M5A1 and M10, which are rifled with a twist of 1/22, but no firing 
tables have been prepared for this combinatios of guns and ammunition, 
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SECTION V 
EFFECT ВАТА 
Paragraph 
Penetration- - - - -----------------------.-.-.- 8 
8. Penetration. 
a. Ballistic limits. 
Ballistic | Number 
Obliquity Limit _ in 
deg Type fos Average 
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FOR PROJECTILE. APC 75-MM, MSIA ` BRLH 75.1.61 


b. Vulnerability of German tanks. The following data on vulnerability of Germar tanks (Panzer- 
kampfwagen) to APC Projectile M61A1, fired from Tank Guns МЗ, М6 and M17 at a muzzle velocity of 2030 
fps, were taken from ТМ 9-1907, "Ballistic Data, Performance of Ammunition", 
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FOR PROJECTILE. АРС. 75-MM, МПА ` BRLH 75-141 
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b. Vulnerability of German tanks. The following data on vulnerability of Germar tanks (Panzer- 
kamptwagen) to APC Projectile M61A1, fired from Tank Guns МЗ, M6 and M17 at а muzzle velocity of 2030 
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Íps, were taken from TM 9-1907, "Ballistic Data, Performance of Ammunition", 
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BALLISTIC AND ENGINEERING ПАТА 


for 
Shell, HEAT, 75-mm, M68 
with 
Fuzes, BD, М62А1 and M91 
Section Paragraph 
I General!!! ери 1 
Ti Description = --------- 2-4 
ІП Interior ballistic dat 5-8 
TV Exterior ballistic dat 7-8 
У Effect data- = --------- 9 
SECTION 1 
GENERAL 
Paragraph 
Purpose» - «---------------..-..-.--- ------- 1 


1. Purpose. The purpose of this number of the handbook is to furnish а concise collection of infor- 
mation regarding the shape, dynamics, ballistics and effects of the 75-mm High Explosive Antitank She?) 
M66 with the Base Detonating Fuzes М62А1 and M91. This information is collected from the drawings, 
reports, and firing tabies pertaining to this ammunition. 
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FOR SHELL, HEAT, 25.ММ, M46 Sn АА 
SECTION П 
DESCRIPTION 
Paragraph 
Drawings = g - nh 2 
Dimensions = sss —)ä— — = < < = -- 5 
Physical characteristics = = - - - - - - - - - - - - - - - - + - - = = = 4 
2. Drawings. . 
Shell: Metal parts, assembly and details 95-2-314 
Ogive assembly, cone and detalls 75-2-315 
Fuze, BD, М02А1: Assembly 73-2-168 
Detaüs 73-2-169, 170 and 171 
Fuze, BD, M91: Assembly 73-2-239 
Details 73-2-1589, 170 and 242 
3. Dimensions. 
Fuze, BD, M81: Length (outside) 0.28 cal 
Boattall: Angle . 9°09! 
Length 0,48 cal 
Band: Distance from boattatl 0,27 cal 
Distance from base 0.75 cal 
Width C.16 cal 
Body: Length of cylindrical part 2,11 cal 
Length of ogival part 0.51 cal 
Radius of arc 7.45 cal 
Union: Length 0.17 cal 
Ogive: Length 1.77 cal 
Angle 22°20! 
Length: Body 3.10 cal 
Ogive and union 1.94 cai 
Shell 5.04 cal 
Сейуе, union, and gal part of body 2.45 cal 
Shell and Fuze M91 5.32 cal 


Note: Fuze, BD, M624A1 is entirely inside of shell body. 


BRLH 75.1.66 
4-6 


4. Physical characteristics. 


Fuze 

Weight (standard) 

Base to center of gravity 
Axial moment of inertia 
Transverse moment of inertia 


SECTION Ш 
INTERIOR BALLISTIC DATA 


5, Stresees. The following table and the graphical representation on page 5 show the longitudinal, 
radial and tangential stress at each of three sections: (A) the rear corner of the band seat, (B) the front 
of the band seat, and (C) immedtately behind the bourrelet. 


Twist of rifling 
Cross-sectional area of bore 
Rated maximum pressure 
Total weight of projectile 
Muzzle velocity 

Density of filler (pentolite) 


Resultant Stress* 


108 pst А С 
Longitudinal - 162 -210 
Radial 4 384 + 5 
Tangential - 843 + 171 


* + депо ез tension, ~ denotes compression. 


6. Theoretical yzw in bore. 


Minimum 9 min 
Maximum 13 min 


= n = = <“ o o - 


| 

1 Stresses? ? 

: Theoretical уам іп bore = - ------------ 
Bowitzer, 75-mm 
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BD M62A1 BD ма 


13.17 Ib 13.37 lb 
1.656 cal, 
16.75 1542 
157.3 Ib. in 


MI Al, M2, МЗ 
1/20 

7.004 sq in. 

28,009 psi 

13.37 1b 

1000 fps 

0.0574 lb per cu in. 
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FOR SHELL, HEAT, 25-ММ, МЫ 


SECTIONS 
А -643 В 


AXES OF RESULTANT STRESS 


DIAGRAM OF RESULTANT STRESSES 


on 
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SECTION IV 
EXTERIOR BALLISTIC DATA 


Para ад: aph 
Aerodynamic data „„ - = < < - - 7 
Firing table data = - - + - = = - „„ LI 8 


7, Asrodynamic data. 
a. Drag. The form factor relative to Projectile Type 2, determined by resistance firings, and the 
corresponding ballistic coefficient and drag coefficient are given below. 


Velocity Form Ballistic Drag 

іре Factor Coefficient | Coefficient 
77Е .75 2.01 05 

1000 95 1.5 .070 


b. Stability. The stability factor was determined from firings ла 75-mm Gun with a twist of 
rifling of 1/25.586 at a muzzle velocity of 1006 fps. The resulting stability factor 15 1.22, and the moment 
coefficient із 2,26. With a twist of rifling 52 1/20 (in the Howltzers М1А1, M2 and М3) at the same velocity, 
the stability factor would be 2,00. 


8. Firing table data. ЕТ 75-1-4. 

Howitzers, 75-mm, М1А1, M2 and 243. Twist of rifling: 1/20. Muzzle velocity: 1006 fps. Project. 
weight: 13.1915. OCM items 17638 and 17752 recommended and approved standardization of ine HEAT Ine. 
M66. 

The terminal veiccity was taken from Ballistic Research Laboratory Memorandum Rencor: 52. 298, 
"fables of Impact Velocitiés for Mobile Artillery Weapons". 
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FOR SHELL, HEAT, 75.ММ. M66 W 
c. TERMINAL VELOCITY AND 
ЕНЕҢ TIME OF FLIGHT- RANGE CURVES 
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SECTION V 
EFFECT DATA 


Penetration. = = ------------.-.-..-........ 9 


9. Penetration. The average penetration of homogeneous armor piate by 75-mm HEAT Shell M86 
is 3 inches. 
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Ballistic Research Lab, 
Aberdeen Proving Ground, 
Maryland. 

8 March 1949 


BALLISTIC AND ENGINEERING DATA 


for 
Shell, HE, 75-mm, M309 
with 
Fuze, PD, M46A2 or М51А4 


General ---------- m le 1 
Description + ---------- 2-4 
Interior ballistic data < = = - - - 5 
Exterior ballistic data ----- 6-7 
Effect data- = ---------- 8 


SECTION 1 
GENERAL 


1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor- 


mation regarding the shape, dynamics, ballistics and effects of the 75-mm High Explosive Shell M309 with 
ше Point Detonating Fuze M4BA2 or М51А4, This information is collected from the drawings, reports, and 
firing tables pertaining to this ammunition. 
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FOR SHELL HE, 75-MM, M309 BRLH 75-1.209 


SECTION I 
DESCRIPTION 
Paragraph 
Drawings - - --------------------...-.-.-.-.-- 2 
Dimensions < - - - - - - - - - - - = - -.--.-------.-.-....-.- 3 
Physical characteristics - - - - ----------------.---- 4 
2. Drawings. 
Shell: Metal parts assembly and details 75-2-385 
Booster M21A4: Assembly 73-2-154 
Fuze M48A2: Assembly 73-2-140 
Details 73-2-143 etc. 
Fuze M51A4: Assembly 73-2-145 
Details 73-2-143 etc. 
3. Dimensions, 
Boattail: Angle 9°00? 
Length 0.325 cal 
Вапа; Distance from boattail 0.43 cal 
Distance from base 0.775 cal 
Width 0.115 cal 
Cylindrical body: Length 2.21 cal 
Ogive: Length 1.19 cal 
Radius of arc 1.45 cal 
Fuze: Length (outside) : 1.265 са! 
Length: Shell 3.785 cal 
Shell and fuze 5.05 cal 
Ogive and fuze 2.455 cal 
4. Physical characteristics. The HE Shell M309 is a modification of the HE Shell M48. 
Mean weight: Zone 1 14.10 1b 
Zone 2 (standard) 14,40 lb 
Zone 3 14.70 15 
E 
: 
1 
i 
E 
| 
3 Ñ 
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SECTION Ш 


INTERIOR BALLISTIC DATA 


BRLH 75.1.309 BALLISTIC AND ENGINEERING DATA | 


Paragraph 
Theoretical уау in bore - + ------------------.---. - 5 
5. Theoretical yaw in bore. 
Minimum 5.4 min i 
Maximum 10.2 min | 
SECTION IV 

EXTERIOR BALLISTIC DATA | 
Paragraph | 
Aerodynamic Ома t - - - - - - - - < - - - - < < < - = = = ----<- e 4 
Firing table daa „„ FFF 7 е 
3 
6. Азгодупали!с data. | 
Drag function Go 1 
Form factor (from time of flight) 1.08 
Ballistic coefficient 1.53 ) e 
1 
Muzzle velocity 1C00 tps 1 
А Я | 
Dreg coefficient, Ky 0.077 ] 
T. Firing table data, FT 75-BB-1. | 
Rifle, 75-mm, M20 (Recoilless). Twist of rifling: 1/22. Projectile weight: 14.40 lb. Mu; le . 


velocity: 990 fps. ОСМ items 27907 and 28547 recommended and approved standardization of the 75-mm 
Rifle M20 and the HE Shell M208 with the PD Fuze MS1A4. The firing tables are also applicatie 12 the ЧЕ 
Shell M303 with the PD Fuze M48 and modifications of it, 
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FOR SHELL, HE, 75.MM, M309 


SECTION V 
EFFECT DATA 


ragraph 
Fragmentation = = = - = = = - - - - - #- -- ---- -- -- --- - 8 
8. Fragmentation, The fragmentation of the НЕ Shell M309 should be approximately the same as 
that of the HE Shell M48, of which it is a modification. For data on fragmentation of the M48 Shell, see 
BRL3 75-1-48, 
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for 
Shell, HEAT, 7ö-mm, M310 
with 
Fuze, BD, M62A1 or M91 
DECRE Paragraph 
1 General 1 
п Description = -------- ~ 2-4 
III Interior ballistic datas - 5 
IV Exterior ballistic data - - -- 6-7 
V Effect data- - 8 
SECTION I 
GENERAL 
Paragraph 
Purpose- - - ----------------..-..-.-.-.-.--..-.-.-- 1 


1. Purpose. The purpose of this number of the handbook 15 to furnish a concise collection of infor- 
mation regarding the shape, dynamics, ballistics and effects of the 7b-mm High Explosive Antitank Snell 
M310 with the Base Detonating Fuze М62А1 or M91. This information is collected from the drawings, re- 


ports, and firing tabies pertsining to this ammunition. 
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FOR SHELL, HEAT, 75MM, M310 Tu | 
SECTION п 1 
DESCRIPTION 1 
a 
Paragraph 3 
Drawings - ------------------.------.-..-.-- 2 ( 
Dimensions „„ „„ͤ 3 3 
Physical characteristics = = - ----------------- ---- 4 1 
j 2, Drawings. i 
I Shell: Metal parts assembly and details 75-2-386 : 
Ogive assembly, cone and details 75-2-5 I 
Fuze, BD, M82A1: Assembly 73-2-168 E 
Details 43-2-169 170 and 171 р 
Fuze, BD, M91: Assembly 73-2-239 i 
Details 73-2-169, 170 and 240 р 
3. Dimensions. : 
Fuze, BD, M91: Length (outside) .19 cal ! 
Boattail: Angle 9*00 | 
Length 0.33 cal : 
Band: Distance from boattail 0.43 cal : 
Distance frorn base 0.78 cal ! 
Width 9.115 cal Ë 

Body: Length of cylindrica] part 2.26 cal 

Length of ogival part 0.51 cal 

Radius of arc 7.45 cal 
Union: Length 0.17 cal 

Ogive: Length 1,77 cal 

Angle 22˙ 

Length: Body 3. 10 cal : 
Ogive and union 1.94 cal i 

Shell 5.04 cal 

Ogive, union, and ogival part of bedy 2.45 cal 

Shell and Fuze M91 5.23 cal 


Note; Fuze, BD, М62А1 is entirely inside of shell body. 
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4. Physical characteristics. The HEAT Shell M310 is a modification of the HEAT Shell M86. Its 


Standard weight is 13.08 1b. 


SEC'TION Ш 
INTERIOR BALLISTIC DATA 


Paragraph 
Theoretical yaw in bore - = - e 5 
5. Theoretical yaw in bore. 
Minimum 5.4 min 
Maximurn 10.3 min 
SECTION IV 
EXTERIOR BALLISTIC DATA 
Paragraph 
Aerodynamic data = - - - - > <“ < < < < < ::: 8 
Firing table data = -----------------------..-- 7 
8. Aerodynamic data. 
Drag function с, 
Form factor (from time of flight) 1.23 
Ballistic coefficient 1.22 
Muzzle velocity 10€0 fps 
Drag coefficient, Kp 0.087 


7. Firing table data. FT 75-BB-1. 


Rifle, 75-mm, M20 (Recollless). Twist of rifling: 1/22. Projectile weight; 13.1 lb. Muzzle 
velocity: 1000 fps. OCM items 27907 and 26547 recommended and approved standardization of the 75-mm 


Rifle M20 and the HEAT Shel! M310. 


a. Form factor and ballistic coefficient (Proj Type 6). The following values apply at all elevations: 


ig = 0.84 


Cg = 1.781 
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BRLH 75.1.310 BALLISTIC AND ENCINEERING DATA 
SECTION V 
EFFECT DATA 
Paragraph 
Penetration = - -----------------.-.-.--- oe — 8 
$. Penetration. The av^rage penetration of homogeneous armor plate by 75-mm HEAT Shell M310 
is 3 inches. 
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